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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic memory device 

which can obtain a readout signal output having a high S/N and a 
read method of the same, and also to provide a write method of the 
magnetic memory device which enables information read operation 
in high S/N. 

SOLUTION: A storage cell 12 is formed of a pair of magnetic 
storage elements 12A, 12B. The magnetic storage elements 12A, 
12B are respectively connected at one ends to the sense bit-lines 
21 A, 21 B f while connected at the other ends to the sense word line 
31 via a pair of the reverse-current protection diodes 13A, 13B. In 
the grounding side of the sense word line 31, a constant current 
circuit 108B is arranged. The constant current circuit 108B has the 
function to keep constant the current flowing into the sense word 
line 31, and is formed of diode 32 for generating a constant voltage, 
a transistor 33 and a current limiting resistor 34. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

Two or more 1 st write-in lines, 

Two or more 2nd write-in lines prolonged so that said two or more 1st write-in lines may be intersected, 
respectively, 

Two or more magneto-resistive effect components containing the annular magnetic layer constituted so that it 
might pierce by said 1 st and 2nd write-in lines, while being arranged so that the layered product constituted so 
that a current might flow in the direction vertical to a laminating side including the magnetosensitive layer from 
which the magnetization direction changes by the external magnetic field, and the direction which met said 
laminating side at one field side of this layered product may be made into shaft orientations 
Preparation, 

The magnetic memory device characterized by constituting one storage cell including said magneto-resistive 
effect component of a couple. 
[Claim 2] 

Said magnetosensitive layer and said annular magnetic layer are connected electrically. 
The magnetic memory device according to claim 1 characterized by things. 
[Claim 3] 

By the field which produces the both sides of the 1st [ which pierces through said annular magnetic layer ], and 

2nd write-in lines according to the flowing current, it changes so that the magnetization direction of each 

magnetosensitive layer in the magneto-resistive effect component of said couple may turn to anti-parallel 

mutually, and information is memorized by said storage cell. 

The magnetic memory device according to claim 1 or 2 characterized by things. 

[Claim 4] 

The 1st condition of one side of the magnetosensitive layer of the couple in the magneto-resistive effect 
component of said couple being magnetized in the 1st direction, and being magnetized in the 2nd direction in 
which another side makes said 1 st direction and anti-parallel, It takes whether it is the 2nd condition and 
******** which one side of the magnetosensitive layer of said couple magnetizes in said 2nd direction, and 
another side magnetizes in said 1 st direction, and information is memorized by said storage cell corresponding 
to said 1st and 2nd conditions. 

The magnetic memory device according to claim 3 characterized by things. 
[ClaimS] 

It connects with the magneto-resistive effect component of said couple, respectively, and has the 1st read-out 
line of the couple which supplies a read-out current to each magneto-resistive effect component, 
Based on the current which flows to said each layered product, reading appearance of the information is carried 
out from said storage cell. 

A magnetic memory device given in any 1 term of claim 1 characterized by things thru/or claim 4. 
[Claim 6] 

A read-out current is supplied to each of the magneto-resistive effect component of said couple from each of the 
1 st read-out line of said couple, and reading appearance of the information is carried out from said storage cell 
based on the difference of the read-out current value of this couple. 
The magnetic memory device according to claim 5 characterized by things. 
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[Claim 7] 

The rectifying device formed on the current path of the read-out current supplied to the magneto-resistive effect 
component of said couple, 

The 2nd read-out line which leads the read-out current which flowed the magneto-resistive effect component of 
said couple to touch-down 

The magnetic memory device according to claim 6 characterized by preparation ******. 
[Claim 8] 

On each current path of the read-out current supplied to the magneto-resistive effect component of said couple, 
said rectifying device is formed, respectively. 

The magnetic memory device according to claim 7 characterized by things. 
[Claim 9] 

The rectifying device of said couple is formed, respectively between the 1 st read-out line of said couple, and the 
magneto-resistive effect component of said couple. 

The magnetic memory device according to claim 8 characterized by things. 
[Claim 10] 

The rectifying device of said couple is formed, respectively between the magneto-resistive effect component of 
said couple, and the 2nd read-out line of said couple. 

The magnetic memory device according to claim 8 characterized by things. 
[Claim 11] 

Said rectifying device is schottky diode, PN-junction diode, a bipolar transistor, or MOS (Metal-Oxide- 
Semiconductor). It is either of the transistors. 

A magnetic memory device given in any 1 term of claim 7 characterized by things thru/or claim 1 0. 
[Claim 12] 

A magnetic memory device given in any 1 term of claim 6 characterized by having the current regulator circuit 
which has the current convention function to specify the total of a read-out current which flows the magneto- 
resistive effect component of the couple in one storage cell thru/or claim 1 1 . 
[Claim 13] 

Said current regulator circuit is constituted using the band gap reference. 
The magnetic memory device according to claim 12 characterized by things. 
[Claim 14] 

Said current regulator circuit is constituted combining diode, the transistor, and the resistor. 
The magnetic memory device according to claim 12 or 13 characterized by things. 
[Claim 15] 

Said transistor in said current regulator circuit, 
It adds to said current convention function, 

It functions on the magneto-resistive effect component of said couple also as the 1 st solid state switch for 
choosing whether a read-out current is passed. 

The magnetic memory device according to claim 14 characterized by things. 
[Claim 16] 

Said current regulator circuit is arranged between said 2nd read-out line and touch-down. 

A magnetic memory device given in any 1 term of claim 12 characterized by things thru/or claim 1 5. 

[Claim 17] 

Between each of the 1 st read-out line of said couple, and a power source, the resistor for current potential 
conversion of a couple is prepared. 

A magnetic memory device given in any 1 term of claim 6 characterized by things thru/or claim 16. 
[Claim 18] 

Said resistor for current potential conversion has larger resistance than the resistance of said magneto-resistive 
effect component. 

The magnetic memory device according to claim 17 characterized by things. 
[Claim 19] 

Furthermore, it is prepared for every read-out line [ the ] of said couple, and has the sense amplifier circuit 
which detects the difference of the read-out current which flows these 1 st read-out line as an electrical- 
potential-difference difference, and amplifies it, 
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The terminal of an opposite hand is connected to the input edge of said sense amplifier circuit with said power- 
source side in each of the resistor for current potential conversion of said couple. 
The magnetic memory device according to claim 17 or 18 characterized by things. 
[Claim 20] 
Further, 

With said power-source side in each of the resistor for current potential conversion of said couple, it is prepared 
in an opposite hand and has the 2nd solid state switch of the couple for choosing whether a read-out current is 
supplied to the magneto-resistive effect component of said couple, 

Accumulation arrangement of the 2nd solid state switch of said couple, the resistor for current potential 
conversion of said couple, and said sense amplifier circuit is carried out into the same field. 
The magnetic memory device according to claim 19 characterized by things. 
[Claim 21] 

The 2nd solid state switch of said couple, the resistor for current potential conversion of said couple, and said 

sense amplifier circuit constitute the symmetrical circuit, respectively. 

The magnetic memory device according to claim 20 characterized by things. 

[Claim 22] 

Two or more 1 st write-in lines, 

Two or more 2nd write-in lines prolonged so that said two or more 1 st write-in lines may be intersected, 
respectively, 

Two or more magneto-resistive effect components containing the annular magnetic layer constituted so that it 
might pierce by said 1st and 2nd write-in lines, while being arranged so that the layered product constituted so 
that a current might flow in the direction vertical to a laminating side including the magnetosensitive layer from 
which the magnetization direction changes by the external magnetic field, and the direction which met said 
laminating side at one field side of said layered product may be made into shaft orientations 
It is the approach of writing in information to a preparation ****** memory device, 

One storage cell is constituted so that the magneto-resistive effect component of a couple may be included, 
Information is written in said storage cell by making it change so that the magnetization direction of said 
magnetosensitive layer in each of the magneto-resistive effect component of said couple may turn to anti- 
parallel mutually by the field which produces the both sides of the said 1st and 2nd write-in lines which pierce 
through said annular magnetic layer according to the flowing current. 
The write-in approach of the magnetic memory device characterized by things. 
[Claim 23] 

Two or more 1 st write-in lines, 

Two or more 2nd write-in lines prolonged so that said two or more 1 st write-in lines may be intersected, 
respectively, 

Two or more magneto-resistive effect components containing the annular magnetic layer constituted so that it 
might pierce by said 1 st and 2nd write-in lines, while being arranged so that the layered product constituted so 
that a current might flow in the direction vertical to a laminating side including the magnetosensitive layer from 
which the magnetization direction changes by the external magnetic field, and the direction which met said 
laminating side at one field side of said layered product may be made into shaft orientations 
It is the approach of reading information from a preparation ****** memory device, 

One storage cell is constituted so that the magneto-resistive effect component of a couple may be included, 
A read-out current is supplied in the direction vertical to the laminating side of each layered product at the 
magneto-resistive effect component of said couple, 

The information on said storage cell is read based on the current which flows to said layered product. 
An approach to read the magnetic memory device characterized by things. 
[Claim 24] 

A read-out current is supplied to each of the magneto-resistive effect component of said couple, and the 
information on said storage cell is read based on the difference of the read-out current value of this couple. 
An approach to read the magnetic memory device according to claim 23 characterized by things. 
[Claim 25] 

It is the magnetic memory device constituted so that it might have two or more 2nd write-in lines prolonged so 
that two or more 1st write-in lines and said two or more 1st write-in lines may be intersected, respectively, and 
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two or more magneto-resistive effect components which have the magnetosensitive layer from which the 
magnetization direction changes with external magnetic fields, respectively and one storage cell might contain 
the magneto-resistive effect component of a couple, 

The read-out line of the couple for supplying a read-out current to the magneto-resistive effect component of the 
couple of said storage cell, respectively, 

The read-out circuit which reads information from said storage cell based on the difference of the value of the 
read-out current of the couple supplied to the magneto-resistive effect component of said couple from the read- 
out line of said couple, respectively, 

The current regulator circuit which has the current convention function to specify the total of a read-out current 
which flows the magneto-resistive effect component of the couple in one storage cell 
The magnetic memory device characterized by preparation ******. 
[Claim 26] 

Said current regulator circuit, 
Diode, 

The transistor which functions on the magneto-resistive effect component of said couple also as a solid state 
switch for choosing whether a read-out current is passed in addition to said current convention function, 
Resistor 

The magnetic memory device according to claim 25 characterized by carrying out combination ******. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the write-in approach of a magnetic memory device, and the read-out approach at the 

magnetic memory device and list which are constituted using a magnetic-thin-film memory device. 

[0002] 

[Description of the Prior Art] 

Conventionally, volatile memory, such as DRAM (Dynamic Random Access Memory) and SRAM (Static 
RAM), is used as general-purpose memory used for information processors, such as a computer and mobile 
communication equipment. All information is lost if such volatile memory always does not supply a current. 
Therefore, it is necessary to establish a means, i.e., nonvolatile memory, to memorize information, and a flash 
EEPROM, a hard disk drive unit, etc. are used. In such nonvolatile memory, improvement in the speed of 
access has been an important technical problem with improvement in the speed of information processing. 
Furthermore, development of the information machines and equipment which can process information 
anywhere at any time and which aimed at the so-called YUPIKITASU computing is quickly furthered with 
rapid spread and high-performance-izing of a portable information device. As a key device in development of 
such a device, development of high-speed nonvolatile memory is called for strongly. 
[0003] 

MRAM (Magnetic Random Access Memory) is known as a technique effective in improvement in the speed of 
nonvolatile memory. MRAM consists of magnetic cells which each storage cell arranged in the shape of a 
matrix equipped with two ferromagnetic layers, in each storage cell, it corresponds to "0" or "1" binary 
information — making — magnetization of the ferromagnetic layer of a component — an easy axis — meeting ~ 
parallel ~ or — anti — information is memorized by considering as a condition [ **** ]. In a magnetic cell, the 
magnetization direction of a ferromagnetic layer changes in the resistance of the specific direction with parallel 
or anti-parallel. Therefore, reading appearance of the information is carried out from a storage cell by detecting 
the difference in the resistance made to correspond to information as change of a current or an electrical 
potential difference. Since it operates by such principle, in order to perform stable writing/read-out, in MRAM, 
it is important that resistance rate of change is large as much as possible. 
[0004] 

MRAM by which current utilization is carried out uses giant magneto-resistance (GMR: Giant magneto- 
resistive). With GMR, when two magnetic layers are arranged so that in parallel [ an easy axis ], and the 
magnetization direction of these each class becomes parallel in accordance with an easy axis, it is the 
phenomenon in which resistance serves as min and becomes with max in anti-parallel. As MRAM (it is 
henceforth written as GMR-MRAM) using a GMR component, the technique indicated by the patent reference 
1 , for example is known. 
[0005] 

There are a coercive force difference type (Pseudo Spin Valve mold) and an exchange bias mold (Spin Valve 
mold) in GMR-MRAM. The non-magnetic layer whose GMR component was pinched between two 
ferromagnetic layers and them carries out a laminating, and is constituted, and MRAM of a Pseudo Spin Valve 
mold performs writing/read-out of information using the difference of the coercive force of two ferromagnetic 
layers. Moreover, as for MRAM of a Spin Valve mold, two ferromagnetic layers consist [ the magnetization 
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direction ] of free layers from which the magnetization direction can change by the fixed bed currently fixed 
and the external magnetic field. By carrying out antiferromagnetism association with an antiferromagnetism 
layer on both sides of a non-magnetic layer, magnetization is stabilized by this fixed bed and it is fixed. The 
resistance rate of change of each type of GMR component is about 1 0% also with the component of the 
SpinValve mold which takes the laminated structure of (PtMn/CoFe/Cu/CoFe) about 6 to 8% with the 
component of the Pseudo Spin Valve mold which takes the laminated structure of (NiFe/Cu/Co). therefore, 
reading appearance is carried out, an output is not yet obtained fully but it is supposed that it is difficult to 
improve [ which makes a resistance difference a current or the difference of an electrical potential difference ] 
storage capacity and an access rate. 
[0006] 

in that respect, in MRAM (it is henceforth written as TMR-MRAM) using the ferromagnetic tunnel effect 
(TMR:Tunneling magneto-resistive), resistance rate of change can be boiled markedly and can be enlarged. In 
TMR, it is the phenomenon in which the tunnel current which flows an insulating layer by whenever [ angular 
relation / of the mutual magnetization direction ] changes, in two ferromagnetic layers, the fixed bed to which 
the magnetization direction was fixed, and the magnetosensitive layer, i.e., the free layer, from which the 
magnetization direction can change, by which the laminating was carried out on both sides of the ultra-thin 
insulating layer. That is, when the magnetization direction is parallel, tunnel current serves as max (the 
resistance of a eel is min), and in anti-parallel, tunnel current serves as min (the resistance of a eel is max). As 
an example of a TMR component, although the laminated structure of CoFe/Aloxide/CoFe is known, the 
resistance rate of change reaches to 40% or more. 
[0007] 

Moreover, since resistance of a TMR component is high, it is supposed that it is easy to take matching at the 
time of combining with semiconductor devices, such as an MOS mold field-effect transistor (MOSFET:Metal 
Oxide Semiconductor Field Effect Transistor). From the above advantage, TMR-MRAM is easy a high increase 
in power as compared with GMR-MRAM, and improvement in storage capacity or an access rate is expected. 
As TMR-MRAM, the technique indicated by the patent reference 2 and the patent reference 3 is known. 
[0008] 

In TMR-MRAM, the method to which the magnetization direction of a ferromagnetic layer is changed using the 
current field guided according to the current passed to lead wire is taken about informational writing. Thereby, 
binary information is memorized corresponding to the relative magnetization direction between ferromagnetic 
layers (parallel or anti-parallel). About read-out of storage information, the method of detecting a sink, a tunnel 
current value, or tunnel resistance is perpendicularly taken by the stratification plane in the current to the 
insulating layer. In this case, the difference in the relative magnetization direction between ferromagnetic layers 
(parallel or anti-parallel) appears as a difference of an output current value thru/or a cell resistance value. 
[0009] 

What each TMR component is made to correspond and arranges the semiconductor device for selection after 
carrying out parallel connection of two or more TMR components on the data line as the eel array structure, and 
the thing to arrange for every data line are proposed. The diode constituted by short-circuiting between the gate 
drains of MOSFET and FET, pn junction diode, schottky diode, etc. are used for a semiconductor device. 
Moreover, a TMR component is arranged in the shape of a matrix using the line data line and a string data line, 
and what arranged the transistor for selection for every data line is proposed. 
[0010] 

among these, the structure which arranges the semiconductor device for selection to each TMR component has 
the property which carried out reading appearance and was most excellent in the field of the power consumption 
effectiveness at the time. However, when dispersion has arisen in the property of each semiconductor device, 
the noise resulting from it cannot be disregarded. In addition, if the noise combined with the data line, the noise 
by property dispersion of a sense amplifier, and the noise of the circumference circuit around which it turns 
from a power circuit are also taken into consideration, the S/N ratio of the output voltage of a storage cell may 
not be set to about several dB. 
[0011] 

Therefore, the following amelioration has been made by the eel array of TMR-MRAM that the S/N ratio of a 
read-out output should be improved. 
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[0012] 

the output voltage V of one storage cell which being used well chose — reference voltage Vref — comparing — 
the difference — it is the approach of carrying out the differential amplifier of the electrical potential difference 
Vsig. The object of a differential amplifier is removing the noise made in the data-line pair to which a storage 
cell's is connected [ 1st ], and is removing offset of the output voltage by the object for sense line actuation, or 
property dispersion of the semiconductor device for eel selection to the 2nd. However, since the generating 
circuit of reference voltage Vref is realized by the circuit which used the dummy cell and the semiconductor 
device and property dispersion of a component exists also between this circuit and storage cell, it is theoretically 
impossible to remove offset of output voltage thoroughly. 
[0013] 

As what solves this, one pair of TMR components constitute a storage cell, and, generally the approach of 
carrying out the differential amplifier of the output from the component which makes these pairs is learned 
widely. In this approach, as the magnetization direction of the magnetosensitive layer of each TMR component 
which makes a pair always serves as anti-parallel mutually, writing is made. That is, in one component, with the 
component of parallel and another side, magnetization of both layers writes in complementary so that it may 
become anti-parallel mutually, and it removes common mode noise by carrying out the differential amplifier of 
the output of two components, and reading it, and magnetization of a magnetosensitive layer and magnetization 
of the fixed bed raise a S/N ratio. The circuitry of such a differential amplifier mold is indicated in the patent 
reference 4, the patent reference 5, nonpatent literature 1, etc. 
[0014] 

If it illustrates more concretely, with the technique indicated by the patent reference 4 and the patent reference 
5, the 1st TMR component and the 2nd TMR component which constitute a storage cell will be connected 
independently [ each end ] to the 1 st and 2nd data line of a couple, and both the other ends will be connected to 
a bit line through the same semiconductor device for eel selection. A word line is connected to the 
semiconductor device for eel selection, informational reading appearance — carrying out — the difference of the 
amount of currents which gives the potential difference between a bit line and these 1 st and 2nd data lines, and 
flows to the 1 st and 2nd data line, keeping equipotential the 1 st data line and 2nd data line — it is made by 
considering a value as an output. 
[0015] 

[Patent reference 1 ] 

U.S. Pat. No. 5343422 official report 

[Patent reference 2] 

U.S. Pat. No. 5629922 official report 

[Patent reference 3] 

JP,9-91949,A 

[Patent reference 4] 

JP,2001-236781,A 

[Patent reference 5] 

JP,2001-266567,A 

[Nonpatent literature 1] 

ISSCC 2000 Digest paper TA7.2 

[0016] 

[Problem(s) to be Solved by the Invention] 

However, in such a differential amplifier method at large, dispersion in the resistance between the TMR 
components which make a pair had become a problem. There is resistance dispersion produced in a 
manufacture process in a TMR component, and the current error resulting from this is not avoided. Therefore, a 
result to which the S/N ratio of an output signal falls compulsorily was brought. 
[0017] 

Speaking of the above-mentioned wiring structure, many TMR components are connected to the 1 st and 2nd 
data line. In order to have been stabilized, to read from the semiconductor device for eel selection of only the 
number of eels of the direction of a bit string being connected to the 3rd bit line, and the matrix of a storage cell 
being constituted and to obtain a signal output It is necessary to fully control resistance dispersion between the 
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TMR components connected to each data line, and property dispersion between the semiconductor devices for 
selection connected to the same bit line. However, the read-out approach of giving an equipotential electrical- 
potential-difference difference to the 1 st data line and 2nd data line can control the above-mentioned dispersion 
now theoretically. Therefore, taking thoroughgoing measures against the noise by these dispersion had the 
problem of being very difficult. 
[0018] 

From such a reason, although the policy was proposed one after another, in the conventional MRAM, the S/N 
ratio of a read-out signal is not improvable enough. Consequently, although the resistance rate of change of a 
TMR component reached to about 40%, sufficient output voltage was not obtained actually, that is, with the 
present memory structure, it carries out reading appearance, and it not only already has the problem, but it is the 
point of stability of operation, such as precision, and it is assumed further that it cannot respond to the 
densification of memory enough. 
[0019] 

in addition, as seen above, while much devices had been made about the configuration of an approach to carry 
out reading appearance of TMR-MRAM, or a readout circuitry, special amelioration was not made by the 
structure of the TMR component itself until now. [0020] 

this invention was made in view of this trouble, and the object has a S/N ratio in offering the write-in approach 
of the magnetic memory device which makes high information read-out possible at the approach in which the 
thing with a high S/N ratio which reading appearance is carried out and is acquired for a signal output is 
possible to read a magnetic memory device and a magnetic memory device, and a list. 
[0021] 

[Means for Solving the Problem] 

The magnetic memory device concerning the 1st viewpoint of this invention Two or more 1st write-in lines and 
two or more 2nd write-in lines prolonged so that two or more 1 st write-in lines may be intersected, respectively, 
The layered product constituted so that a current might flow in the direction vertical to a laminating side 
including the magnetosensitive layer from which the magnetization direction changes by the external magnetic 
field, It has two or more magneto-resistive effect components containing the annular magnetic layer constituted 
so that it might pierce by the 1 st and 2nd write-in lines, while being arranged so that the direction which met the 
laminating side at one field side of this layered product may be made into shaft orientations. One storage cell is 
constituted including the magneto-resistive effect component of a couple. 
[0022] 

Here, the "external magnetic field" means the field produced according to the current which flows on the 1st 
and 2nd write-in lines, or the reflux field produced in an annular magnetic layer. Moreover, when it sees from 
the 1st and 2nd write-in lines which penetrated the interior at least, annular [ of an "annular magnetic layer" / 
"annular" ] continues magnetically and electrically, encloses each perimeter thoroughly, and shows the 
condition that the cross section of the direction which crosses the 1st or 2nd write-in line has closed. Therefore, 
as long as it is continuation magnetically [ an annular magnetic layer ] and electrically, it permits that an 
insulator contains. What may contain the oxide film of extent generated in a production process is undoubted. 
"Shaft orientations" points out the extension direction of the 1st [ which penetrates the direction of opening 
when observing this annular magnetic layer simple substance i.e., the interior, ], and 2nd write-in lines, 
furthermore, one field side of "layered product — it arranges — having — " — a layered product is the meaning of 
also including the case where it is arranged so that an annular magnetic layer besides in case an annular 
magnetic layer is arranged as another object at one field side of a layered product may contain a part of layered 
product. 
[0023] 

In this magnetic memory device, one unit information is memorized using two magneto-resistive effect 
components which can memorize 1 unit information independently. Moreover, each of a magneto-resistive 
effect component forms a closed magnetic circuit in an annular magnetic layer by passing a current on the 1 st 
and 2nd write-in lines. Thereby, flux reversal of a magnetosensitive layer is performed efficiently. 
[0024] 

As for this magnetic memory device, it is desirable that a magnetosensitive layer and an annular magnetic layer 
are what is connected electrically. The current which flows in the direction vertical to the laminating side of a 
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layered product by this comes to flow from a magnetosensitive layer to an annular magnetic layer. 
[0025] 

Furthermore, as for this magnetic memory device, it is desirable that it is that with which change so that the 
magnetization direction of each magnetosensitive layer in the magneto-resistive effect component of a couple 
may turn to anti-parallel mutually, and information is remembered to be by the storage cell by the field which 
produces the both sides of the 1st [ which pierces through an annular magnetic layer ], and 2nd write-in lines 
according to the flowing current. It contains, also when the include angle which originates in the error produced 
on manufacture besides in case the include angle which the magnetization direction of the average 
magnetization in a magnetic layer where it is mutual "the magnetization directions being anti-parallel mutually" 
in this invention, i.e., the direction, makes is 180 degrees strictly, the error of extent produced although not 
monopodium-ized thoroughly therefore, and the mutual magnetization direction makes has separated only from 
the predetermined include angle from 180 degrees. Moreover, "information" means the binary information 
generally expressed with "0", "1" or "High" by the current value or the electrical-potential-difference value, 
"Low", etc. in the I/O signal to a magnetic memory device. 
[0026] 

At this magnetic memory device, information is memorized in the magneto-resistive effect component of a 
couple in the condition that the magnetization direction of a magnetosensitive layer serves as anti-parallel 
mutually. 
[0027] 

The 1 st condition of one side of the magnetosensitive layer of the couple in the magneto-resistive effect 
component of a couple being magnetized in the 1st direction, and more specifically being magnetized in the 2nd 
direction in which another side makes the 1st direction and anti-parallel, It is desirable to take whether it is the 
2nd condition and ******** which one side of the magnetosensitive layer of a couple magnetizes in the 2nd 
direction, and another side magnetizes in the 1 st direction, and for information to be memorized by the storage 
cell corresponding to the 1st and 2nd conditions. At this time, two conditions of whether magnetization of both 
magnetosensitive layers in the magneto-resistive effect component of a couple faces mutually or to become the 
reverse sense are taken, and binary information corresponds to this. 
[0028] 

Further, it connects with the magneto-resistive effect component of a couple, respectively, and the magnetic 
memory device concerning the 1st viewpoint of this invention is equipped with the 1st read-out line of the 
couple which supplies a read-out current to each magneto-resistive effect component, and it is constituted so 
that reading appearance of the information may be carried out from a storage cell based on the current which 
flows to each layered product, in addition, the magnetic memory device of this invention — setting — "— it 
connects — having — " — the condition of having connected electrically at least is pointed out and it does not 
necessarily make to connect directly physically into conditions. 
[0029] 

In this magnetic memory device, read-out of information is performed to these stratification planes using the 
current values at the time of passing a current perpendicularly differing according to the relative magnetization 
direction of the magnetosensitive layer of the magneto-resistive effect component which makes a pair. 
[0030] 

About information read-out, it is desirable for a read-out current to be supplied respectively and to read [ of the 
magneto-resistive effect component of each of the 1 st read-out line of a couple to a couple ] information from a 
storage cell based on the difference of the read-out current value of this couple. According to this method, since 
a differential output is carried out, the offset component contained in the noise made on the 1 st read-out line of 
each and the output value for every magneto-resistive effect component is offset, and a read-out current is 
removed. 
[0031] 

Moreover, as for the magnetic memory device concerning the 1 st viewpoint of this invention, it is desirable to 
have the 2nd read-out line which leads the read-out current which flowed the rectifying device formed on the 
current path of the read-out current supplied to the magneto-resistive effect component of a couple and the 
magneto-resistive effect component of a couple to touch-down. The "rectifying device" of this invention makes 
only an one direction pass a current, and means the component which prevents passage of the current of hard 
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flow. Moreover, a "current path" is followed in order that a read-out current may flow into a magneto-resistive 
effect component, passes a magneto-resistive effect component and means the whole path flowing out. The 
rectifying device has the rectification which passes a current only in the touch-down direction (2nd read-out line 
side) on the above-mentioned current path. It is prevented from other storage cells connected to the 2nd 
common read-out line toward each storage cell for read-out by this rectifying device that a current turns. 
[0032] 

Furthermore, it is desirable that the rectifying device is formed on each current path of the read-out current of a 
couple, respectively. In that case, a current flowing from a magneto-resistive effect component to the 
component of another side, and passing even on the 1st read-out line also in the storage cell for read-out, is 
prevented. The rectifying device of a couple may be formed, respectively between the 1st read-out line of a 
couple, and the magneto-resistive effect component of a couple, and may be formed, respectively between the 
magneto-resistive effect component of a couple, and the 2nd read-out line of a couple. Schottky diode, PN- 
junction diode, a bipolar transistor, or an MOS transistor is suitably used for a rectifying device. 
[0033] 

Furthermore, in the magnetic memory device concerning the 1st viewpoint of this invention, it is more desirable 
to have the current regulator circuit which has the current convention function to specify the total of a read-out 
current which flows the magneto-resistive effect component of the couple in one storage cell. Thereby, even if 
the read-out current is feeble, total is controlled so that only a constant rate always flows. Moreover, between 
the magneto-resistive effect components which make a pair within a storage cell, or the magneto-resistive effect 
component between storage cells, since dispersion arises in resistance in many cases, the flowing amount of 
currents may also usually vary. On the other hand, a current regulator circuit is established in a readout-circuitry 
system as mentioned above, and dispersion in the output current value which originates in dispersion in the 
resistance between magneto-resistive effect components by passing the read-out current always standardized by 
each storage cell at the fixed value is stored within fixed limits. 
[0034] 

The current regulator circuit in this invention can be constituted using a band gap reference, and can consist of 
combination of diode, a transistor, and a resistor. In addition to a current convention function, a transistor can 
be then used as what functions also as the 1st solid state switch for choosing whether a read-out current is 
passed for the magneto-resistive effect component of a couple. Moreover, a current regulator circuit is good to 
arrange between the 2nd read-out line and touch-down. 
[0035] 

Furthermore, in the magnetic memory device concerning the 1st viewpoint of this invention, it is desirable that 
the resistor for current potential conversion of a couple is prepared between each of the 1 st read-out line of a 
couple and a power source. In this invention, "power sources" is a current required for circuit actuation thru/or a 
supply source of an electrical potential difference, and means the internal electrical power source line of a 
magnetic memory device. A voltage output is taken out from a read-out current by the voltage drop in the 
resistor for current potential conversion of this couple. In order to acquire a big output value, as for this resistor 
for current potential conversion, it is desirable to have larger resistance than the resistance of a magneto- 
resistive effect component. 
[0036] 

Moreover, it is prepared for every read-out line [ the ] of a couple, and has the sense amplifier circuit which 
detects the difference of the read-out current which flows these 1 st read-out line as an electrical-potential- 
difference difference, and amplifies it, and, as for the power-source side in each of the resistor for current 
potential conversion of a couple, it is desirable to connect the terminal of an opposite hand to the input edge of a 
sense amplifier circuit. The electrical potential difference produced at the end by the side of the power source of 
the resistor for current potential conversion is amplified by this sense amplifier circuit. 
[0037] 

Furthermore, as for the power-source side in each of the resistor for current potential conversion of a couple, it 
is [ the magnetic memory device concerning the 1st viewpoint of this invention ] more desirable to be prepared 
in an opposite hand, to have the 2nd solid state switch of the couple for choosing whether a read-out current is 
supplied to the magneto-resistive effect component of a couple, and to carry out accumulation arrangement of 
the 2nd solid state switch of these couples, the resistor for current potential conversion of a couple, and the 
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sense amplifier circuit into the same field. That is, the 2nd solid state switch of a couple and the resistor for 
current potential conversion of a couple are formed in the field in which the sense amplifier circuit is formed. 
Each of the component used as a pair is approached and arranged, the temperature change under actuation 
becomes almost equal, and it is prevented that a gap arises in mutual weighted solidity. Moreover, when the 2nd 
solid state switch of these couples, the resistor for current potential conversion of a couple, and the sense 
amplifier circuit constitute the symmetrical circuit, respectively, a proper differential-output-voltage value 
comes to be acquired, and it is desirable. In addition, the electrical characteristics of the component used as the 
pair which constitutes a "symmetrical' 1 circuit here are in abbreviation etc. by carrying out, and mean things. 
[0038] 

The write-in approach of the magnetic memory device of this invention is the approach of writing in 
information to the 1 st magnetic memory device of this invention, and writes information in a storage cell by 
making it change so that the magnetization direction of the magnetosensitive layer in each of the magneto- 
resistive effect component of a couple may turn to anti-parallel mutually by the field which produces the both 
sides of the 1st [ which pierces through an annular magnetic layer ], and 2nd write-in lines according to the 
flowing current. 
[0039] 

By the write-in approach of the magnetic memory device of this invention, binary information is written in in 
the magneto-resistive effect component of a couple by changing the magnetization direction of a 
magnetosensitive layer to whether they are anti-parallel, i.e., whether to be facing each other and the reverse 
sense, mutually. In order to consider the magnetization direction of a magnetosensitive layer as anti-parallel 
mutually between the magneto-resistive effect components used as a pair, let mutually the current which flows 
on the 1st of each component, and the 2nd write-in line be the reverse sense between components. Thereby, the 
sense of the field guided to a current serves as anti-parallel mutually between each magnetosensitive layer, and 
magnetization of each magnetosensitive layer is fixed to this sense. 
[0040] 

An approach to read the magnetic memory device of this invention reads the information written in the 1 st 
magnetic memory device of this invention, supplies a read-out current in the direction vertical to the laminating 
side of each layered product to the magneto-resistive effect component of a couple, and reads the information 
on a storage cell based on the current which flows to a layered product. 
[0041] 

By the approach to read the magnetic memory device of this invention, it uses that the current values at the time 
of passing a current perpendicularly at these stratification planes differ according to the relative magnetization 
direction of the magnetosensitive layer of the couple of a magneto-resistive effect component which makes a 
pair. That is, reading appearance of the information is carried out based on the value of the read-out current 
which flows into the layered product part of a magneto-resistive effect component. 
[0042] 

Furthermore, as for an approach to read the magnetic memory device of this invention, it is desirable to supply a 
read-out current to each of the magneto-resistive effect component of a couple, and to read the information on a 
storage cell based on the difference of the read-out current value of this couple. In this case, since the 
differential output of the read-out current is carried out, the offset component contained in the noise made on 
the 1 st read-out line of each or the output value for every magneto-resistive effect component is removed. 
[0043] 

The magnetic memory device concerning the 2nd viewpoint of this invention Two or more 1 st write-in lines 
and two or more 2nd write-in lines prolonged so that two or more 1 st write-in lines may be intersected, 
respectively, It has two or more magneto-resistive effect components which have the magnetosensitive layer 
from which the magnetization direction changes with external magnetic fields, respectively. The read-out line of 
the couple for being the magnetic memory device constituted so that one storage cell might contain the 
magneto-resistive effect component of a couple, and supplying a read-out current to the magneto-resistive effect 
component of the couple of a storage cell, respectively, The read-out circuit which reads information from a 
storage cell based on the difference of the value of the read-out current of the couple supplied to the magneto- 
resistive effect component of a couple from the read-out line of a couple, respectively, It has the current 
regulator circuit which has the current convention function to specify the total of a read-out current which flows 
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the magneto-resistive effect component of the couple in one storage cell. 
[0044] 

In this 2nd magnetic memory device, each storage cell consists of magneto-resistive effect components of a 
couple, and reading appearance of the information is carried out based on the difference of the read-out current 
of the couple which flows the magneto-resistive effect component which makes a pair. Dispersion in the read- 
out current which originates in resistance dispersion between magneto-resistive effect components by the total 
of a read-out current which flows the magneto-resistive effect component of a couple by the current regulator 
circuit being specified in that case is stored within fixed limits. In this 2nd magnetic memory device, an annular 
magnetic layer may not be made into the indispensable requirements for a configuration, but the magneto- 
resistive effect component of a couple may have the configuration in which the 1st write-in line and the 2nd 
write-in line are located in one field side of the layered product containing a magnetosensitive layer. In addition, 
a current regulator circuit can be constituted combining diode, the transistor which functions on the magneto- 
resistive effect component of a couple also as a solid state switch for choosing whether a read-out current is 
passed in addition to a current convention function, and a resistor. 
[0045] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained to a detail with reference to a drawing. 
[0046] 

Drawing 1 is drawing having shown the configuration of the magnetic whole memory device concerning the 
gestalt of 1 operation of this invention. This magnetic memory device is MRAM embodied as the so-called 
semi-conductor memory chip, and is using an address buffer 101, a data buffer 102, the control logic section 
103, the storage cell group 104, the direction actuation circuit section 106 of Y, and the direction actuation 
circuit section 108 of X as main components. In this case, the storage cell group 104 was arranged in the field 
where the center of a silicon chip is large, and, as for the magnetic memory device, the passive circuit elements 
of actuation circuit section 106,108 grade and wiring were mounted in few surrounding fields. 
[0047] 

Many storage cells 12 arrange the storage cell group 104 in the direction of a word line (the direction of X), and 
the direction of a bit line (the direction of Y) so that a matrix may be constituted as a whole. Each storage cell 
12 is a smallest unit which memorizes data, and the bit data of "1" and "0" are memorized. In addition, each 
train of the storage cell 12 in the storage cell group 104 is called the WORD train Xn, and each line is called a 
bit string Yn here. 
[0048] 

The direction actuation circuit section 106 of Y consists of direction current drive of Y 106C for sense amplifier 
106B for direction address decoder of Y 106A, and read-out, and writing, and each is connected to every [ of a 
storage cell 12 ] bit string Yn (Yl, Y2, — ) to the storage cell group 104. 
[0049] 

The direction actuation circuit section 108 of X consists of direction current drive of X 108C for current 
regulator circuit 108B for direction address decoder of X 108 A, and read-out, and writing, and each is 
connected to every [ of a storage cell 12 ] WORD train Xn (XI, X2, — ) to the storage cell group 104. As it 
follows, for example, one certain storage cell 12 was illustrated, it is chosen as a meaning by the address (Xn, 
Yn) of the direction of WORD inputted from direction address decoder of X 108 A, and direction address 
decoder of Y 106 A, and the direction of a bit. 
[0050] 

An address buffer 101 is connected to direction address decoder of Y 106 A, and direction address decoder of X 
108 A through the address line 105,107 while it is equipped with the external address input terminals A0-A20. 
This address buffer 101 incorporates the selection signal for choosing a storage cell 12 from the external 
address input terminals A0-A20, and has the function amplified to a required voltage level by address decoders 
1 06A and 1 08 A in an internal buffer amplifier. Moreover, the amplified selection signal is divided into two 
selection signals, the direction of a WORD train of a storage cell 12 (the direction of X), and the direction of a 
bit string (the direction of Y), and is inputted into each of address decoders 106A and 108 A. In addition, when 
the magnetic memory device has two or more storage cell groups 104, the address signal for choosing one 
storage cell group 104 from two or more storage cell groups 104 is also inputted into an address buffer 101 . 
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[0051] 

A data buffer 102 is connected with the control logic section 103 by the control signal line 113 while it is 
equipped with the external data terminals D0-D7 for performing an exchange of the exterior and a digital data 
signal. A data buffer 102 consists of input-buffer 102 A and output-buffer 102B, and operates with the control 
signal from the control logic section 103, respectively. It connects with direction current drive of Y 106C, and 
direction current drive of X 108C through the data bus 1 10,1 1 1 for writing, respectively, and an input buffer 

1 02 incorporates a data signal from the external data terminals D0-D7 at the time of memory writing, amplifies 
it to the voltage level for which this data signal is needed with an internal buffer amplifier, and has the function 
outputted to current drive 106C and each 108C. it connects with sense amplifier 106B through the data bus 1 12 
for read-out, and output-buffer 1 02B has the function which carries out reading appearance and outputs a data 
signal to the external data terminals D0-D7 by low impedance in which carry out memory reading appearance 
and it is sometimes inputted from sense amplifier 106B, by using an internal buffer amplifier. 

[0052] 

The control logic section 103 is equipped with an input terminal CS and an input terminal WE, and is connected 
to the data buffer 102 by the control signal line 113. The control logic section 103 performs motion control to 
the storage cell group 104, and the signal (chip select; CS) of whether to activate writing / read-out actuation of 
a magnetic memory device is inputted from an input terminal CS. Moreover, from an input terminal WE, the 
write-in enabling signal (write enable; WE) for changing writing/read-out is inputted. This control logic section 

103 has the function which amplifies the signal level incorporated from the input terminal CS and the input 
terminal WE to a voltage level required of the actuation circuit section 106,108 with an internal buffer 
amplifier. 

[0053] 

[The configuration of a readout circuitry] 

Next, the configuration of the readout circuitry of this magnetic memory device is explained. 
[0054] 

Drawing 2 is a block diagram of a circuit system which consists of a storage cell group and its readout circuitry. 
This readout-circuitry system is a differential amplifier mold with which a storage cell 12 consists of one pair of 
magnetic storage components 12A and 12B. here — information read-out of each storage cell 12 — the magnetic 
storage components 12A and 12B — the difference of a sensing current (from the sense bit lines 21 A and 21 B to 
the magnetic storage components 12A and 12B current which is alike, respectively, flows and flows into the 
common sense word line 31) boiled, respectively — a value is performed as an output. 
[0055] 

In this drawing, the storage cell 12 for every bit string Yn of the storage cell group 104 and a part of readout 
circuitry containing sense amplifier 106B constitute the direction unit read-out circuit 80 (~,n [ 80 ], 80n+l, — ) 
of a bit which is the repeat unit of a readout circuitry, and they are arranged in the direction of a bit string at 
juxtaposition, each of the direction unit read-out circuit 80 (— ,n [ 80 ], 80n+l , — ) of a bit is connected to 
direction address decoder of Y 106A through the bit decoding line 20 (~,n [ 20 ], 20n+l, — ) — having ~ output- 
buffer 102B — reading — business — it connects through the data bus 1 12. In addition, since a tooth space is 
insufficient for this drawing and the whole direction unit read-out circuit 80 of a bit cannot be drawn, it is made 
to represent with two trains and is drawing. The same is said of the storage cell group 104, and it is made to 
represent with a bit string Yn and two trains of Yn+1. 
[0056] 

The magnetic storage components 12A and 12B of each storage cell 12 are magneto-resistive effect components 
using GMR thru/or TMR. Here, although the case where the magnetic storage components 12A and 12B are 
TMR components as one example is explained, about the detailed configuration, it mentions later. 
[0057] 

Matrix-like wiring is made by the storage cell group 104 by the WORD decoding line 3 1 (it is henceforth called 
a sense word line for short) for sense arranged in the direction of X, and one pair of bit decoding lines 21 A and 
2 IB (it is henceforth called a sense bit line for short) for sense arranged in the direction of Y. Each storage cell 
12 is arranged in these crossover locations, the storage cell 12 by which parallel connection is carried out to the 
common sense bit lines 21 A and 21 B constitutes a bit string Yn, and the storage cell 12 connected to the 
common sense word line 3 1 in the shape of a cascade constitutes the WORD train Xn. 
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[0058] 

one storage cell 12 — 1 pair of magnetic storage component 12A and magnetic storage component 12B — each 
end is connected to the sense bit lines 21 A and 2 IB, and each other end is connected to the common sense word 
line 31 through each of one pair of diodes 13A and 13B for antisuckbacks. Here, the current path of a sensing 
current over each magnetic storage components 12A and 12B is made into the path of a before [ from the node 
of the lead wire from each component, and the sense bit lines 21 A and 21B / the node of the lead wire from 
each component, and the sense word line 31 ]. In addition, the sense bit lines 21 A and 21B are equivalent to 
"1st 1 to read-out line" of this invention, and the sense word line 31 is equivalent to "the 2nd read-out line" of 
this invention here. 
[0059] 

(Connection of the direction of a bit string) 

The sense bit lines 21 A and 2 IB make a pair to every [ of a storage cell 12 ] bit string Yn (Yl, Y2, — ), and are 
arranged in it. These sense bit lines 21 A and 21B extend in the direction of Y so that it may pierce through the 
storage cell group 104, and the end is connected to the power source Vcc. Between the resistors 23 A and 23B 
(henceforth, resistors 23 A and 23B) for current potential conversion and the collector emitter of Transistors 22 A 
and 22B is connected to the serial at the end side (power-source Vcc side) of the sense bit lines 21 A and 2 IB, 
respectively. Furthermore, two or more storage cells 12 which constitute a bit string Yn are connected to the 
both sides of sense bit line 21 A and sense bit line 2 IB, respectively. The end of magnetic storage component 
12A in a storage cell 12 is connected to sense bit line 21 A, and, specifically, the end of magnetic storage 
component 12B is connected to sense bit line 2 IB. 
[0060] 

Furthermore, the bit decoding line 20 is connected to the base side of Transistors 22 A and 22B. The bit 
decoding line 20 is connected to direction address decoder of Y 106A, and the selection signal selectively 
outputted to the bit string Yn to which the storage cell 12 set from direction address decoder of Y 106 A as the 
object of writing/read-out belongs is inputted. That is, the bit decoding line 20 (— ,n [ 20 ], 20n+l, --) is formed 
corresponding to each bit string Yn of a storage cell 12, and has the function which sends out the selection 
signal from direction address decoder of Y 106 A to the bit string Yn which is an object of operation. Transistors 
22A and 22B are equipped with the function opened and closed as the 2nd solid state switch of a couple 
according to the value (bit decoding value) of the selection signal inputted from the bit decoding line 20. 
[0061] 

In addition, although the bit decoding line 20 and the sense bit lines 21 A and 21 B have the decoding function 
same in this way, both are clearly distinguished on actuation. That is, the bit decoding line 20 is an analog 
signal line aiming at detection of the feeble current with which the sense bit lines 21 A and 21 B flow into the 
magnetic storage components 12A and 12B to being the signal line which tells a selection eel from direction 
address decoder of Y 106A, and the value being the binary digital signal of "High" and "Low." In addition, the 
thing same also about the WORD decoding line 30 and the sense word line 31 as this can be said. 
[0062] 

Moreover, the sense amplifier input lines 40A and 40B (henceforth, input lines 40A and 40B) are drawn from 
the node [ in / in the power source Vcc of the resistors 23 A and 23B connected to the sense bit lines 21 A and 
21 B / the edge of an opposite hand ]. Resistors 23 A and 23B function as bias resistance of sense amplifier 
106B. That is, the sensing current which flows and goes down the sense bit lines 23 A and 23B from a power 
source Vcc by the own voltage drop is transformed into an electrical potential difference, and it is installed in 
order to lead to sense amplifier 106B from input lines 40A and 40B. Moreover, Resistors 23 A and 23B are the 
supply voltage of a power source Vcc. - It also has the function in which only phi makes low intermediate 
voltage level. Here, since the sensing current is feeble, a big voltage drop is obtained by Resistors 23A and 23B, 
and in order to enlarge the electrical-potential-difference value inputted into input lines 40A and 40B as much 
as possible, it is necessary to enlarge the resistance of Resistors 23 A and 23B. Therefore, as for Resistors 23 A 
and 23B, it is desirable to have about [ lOOkohm ] high resistance, and it is desirable to have larger resistance 
than the resistance of the magnetic storage components 12A and 12B at least. 
[0063] 

(Connection of the direction of a WORD train) 

The storage cell 12 arranged by the same WORD train Xn (XI , X2, — ) is connected to each of the sense word 
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line 31 . However, with the gestalt of this operation, the diodes 13A and 13B for antisuckbacks as a rectifying 
device are arranged between the storage cell 12 and the sense word line 31. Each of the diodes 13A and 13B for 
antisuckbacks corresponds to the magnetic storage components 12A and 12B, and is connected according to the 
individual, respectively. Moreover, magnetic storage component 12A, diode 13for antisuckbacks A, and 
magnetic storage component 12B and diode 13B for antisuckbacks are in the condition of having insulated 
mutually. 
[0064] 

The diode 1 3 for antisuckbacks is formed as an one direction component for preventing that a current flows 
backwards for each magnetic storage components 12A and 12B from the sense word line 31 . What short- 
circuited between pn junction diode, schottky diode, or the base-collector of a bipolar junction transistor 
(BJT:Bipolar Junction Transistor), and was used as diode as diode 13 for antisuckbacks, for example, the thing 
which short-circuited between the gate-drain of MOSFET and was used as diode can be used. 
[0065] 

Moreover, between the collector emitters of a transistor 33 is connected to the earth side of the sense word line 
31, and the WORD decoding line 30 (— ,n [ 30 ], 30n+l, — ) is arranged in it at the base side of this transistor 33 
corresponding to the WORD train Xn. It connects with direction address decoder of X 108 A, and the WORD 
decoding line 30 has the function which sends out a selection signal to the base side of a transistor 33 while the 
selection signal which chooses the WORD train Xn from direction address decoder of X 108 A is inputted. 
[0066] 

A transistor 33 functions as the 1st solid state switch opened and closed according to the value (bit decoding 
value) of the selection signal by which a base input is carried out, and controls a flow/cutoff of the sense word 
line 31 . BJT or MOSFET can be used for this transistor 33. In addition, the current limiting resistor 34 is 
formed in the emitter side of a transistor 33. 
[0067] 

With the gestalt of this operation, current regulator circuit 108B is further arranged in the earth side of the sense 
word line 31. Current regulator circuit 108B has the function which sets constant the current which flows the 
sense word line 31, and consists of the diodes 32, the transistors 33, and current limiting resistors 34 for 
constant- voltage generating. Therefore, in addition to the function as a solid state switch for WORD decoding, 
the transistor 33 is the thing equipped with the function to pass a fixed current between collector emitters, and 
the base side is connected also to the anode of diode 32. Two diodes connect diode 32 to a serial in this case. 
[0068] 

(Circuitry of a sense amplifier) 

One sense amplifier 106B per direction unit read-out circuit 80 of a bit is prepared, incorporates the potential 
difference between one pair of sense bit lines 21 A and 2 IB in each direction unit read-out circuit 80 of a bit, 
and has the function which amplifies this potential difference. While sense amplifier 1 06B of each direction unit 
read-out circuit 80 of a bit is connected to the sense bit lines 21 A and 2 IB which correspond with input lines 
40A and 40B, respectively, it connects with the common sense amplifier output lines 51 A and 5 IB (henceforth, 
output lines 51 A and 5 IB), and, finally all are connected to output-buffer 102B by the data bus 1 12 for read- 
out. 
[0069] 

In itself [ sense amplifier 106B ], it was constituted as the so-called differential amplifier, and has the 
magnification stage which consists of transistors 41 A and 41 B, the resistors 42 A and 42B which are the bias 
resistance for taking out a voltage output, the transistor 44 which has the diode 43, current control function, and 
selection switch function for voltage drops, and the resistor 45 for voltage drops. 
[0070] 

Drawing 3 extracts and shows the part of sense amplifier 106B from the whole readout circuitry. Thus, cascade 
connection of the sense amplifier 1 06B prepared in each direction unit read-out circuit 80 of a bit is carried out 
to output lines 51 A and 5 IB. In addition, Resistors 42 A and 42B are the bias resistors which all sense amplifier 
106B by which cascade connection is carried out shares. 
[0071] 

Input lines 40 A and 40B are connected to a base side, and, as for Transistors 41 A and 41 B, Resistors (minding 
output lines 51 A and 5 IB) 42 A and 42B are connected to the collector side. Both these emitter sides are 
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connected to the collector side of a transistor 44. In addition, the bit decoding line 20 is connected through 
diode 43, and the emitter side is grounded through the resistor 45 at the base side of a transistor 44. Here, it is 
desirable to Resistors 42 A and 42B to use accurate resistance, and, as for Transistors 41 A and 41 B, it is 
important for them that the property has gathered well. 
[0072] 

In addition, diode 43 uses that band gap reference, and is from the voltage level of the bit decoding line 20. - 
The intermediate voltage level on which only phi was dropped is made, and it is used in order to make this 
electrical-potential-difference value into the base side input voltage of a transistor 44. A transistor 44 has a 
current-limiting function and a function as a solid state switch opened and closed according to the bit decoding 
value from the bit decoding line 20. 
[0073] 

Moreover, each collector side is connected to output lines 51 A and 5 IB, and the transistors 41 A and 41 B of 
each sense amplifier 106B are connected to output lines 51 A and 5 IB and a pan through the data bus 1 12 for 
read-out at output-buffer 102B. 
[0074] 

Next, with reference to drawing 4 - drawing 6 , the circuit arrangement pattern of the magnetic memory device 

in the gestalt of this operation is explained. 

[0075] 

Drawing 4 expresses the situation of mounting of the circumference of the direction actuation circuit section of 
Y of a storage cell group, and drawing 5 expresses actual circuit arrangement of the direction actuation circuit 
section of Y. The direction actuation circuit section 106 of Y is formed in one side of the storage cell group 104, 
and the bonding pad 121 is formed in the upper part. In this direction actuation circuit section 106 of Y, as seen 
above, each of direction address decoder of Y 106A, sense amplifier 106B, and direction current drive of Y 
106C is realized considering the circuit corresponding to each bit string Yn (Yl, Y2, — ) as 1 configuration unit. 
While making into the unit actuation circuit DUn (DU1 , DU2, — ) what summarized 1 configuration unit of 
these circuits 106A-106C to corresponding every bit string Yn (Yl , Y2, — ), he is trying to be exactly arranged 
at the corresponding edge of a bit string Yn with the gestalt of this operation by forming this unit actuation 
circuit DUn so that that width of face may be settled in the width of face W of a storage cell 12. 
[0076] 

One unit actuation circuit is shown in drawing 5 . The circuit area of direction address decoder of Y 106 A is 
formed between the power-source line 122 (Vcc), and the power-source line 123 of medium potential (Vm) and 
the ground line 124 (GND). The power-source line 123 of medium potential is a voltage source which supplies 
the electrical potential difference corresponding to band gap +2phi to current regulator circuit 108B etc. in the 
transistor for current limiting, and the direction of X. Moreover, it has extended so that the address line 105 may 
cross the inside of this circuit area, and address decoder 106A of each unit actuation circuit DUn connects with 
this. 
[0077] 

The circuit area of sense amplifier 106B is formed between the power-source line 125, and the power-source 
line 123 of medium potential and the ground line 124. In this area, it has extended so that output lines 51 A and 
51B may cross, and wiring is made so that cascade connection of the sense amplifier 106B of each unit 
actuation circuit DUn may be carried out to this. The circuit area of direction current drive of Y 106C is formed 
between the power-source line 125, and the power-source line 126 of medium potential and the ground line 127. 

[0078] 

Drawing 6 shows circuit pattern arrangement of only a sense amplifier concretely further among unit actuation 
circuits. As previously explained in drawing 2 , sense amplifier 106B is not only matched with each bit string 
Yn (Yl, Y2, — ), respectively, but is connected to the power-source Vcc side of the sense bit lines 21 A and 21B. 
So, it is made to carry out accumulation arrangement of Transistors 22 A and 22B and the resistors 23 A and 23B 
with sense amplifier 106B in the circuit area of sense amplifier 106B here. 
[0079] 

When this circuit pattern plot plan and the circuit diagram of drawing 2 and drawing 3 are contrasted, it turns 
out that Transistors 22A and 22B and Resistors 23A and 23B make a pair exactly inside one pair of transistors 
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41 A and 41B in sense amplifier 106B, and are arranged. Here, the beer pads 128A and 128B are connected to 
the sense bit lines 21 A and 2 IB, respectively. Moreover, although not shown in drawing 6 R> 6, the bit 
decoding line 20 passes the ground line 124, and is connected to direction address decoder of Y 106 A. In 
addition, in order to help such an understanding, intentionally, the power-source line 125 is turned up, and he 
turns the ground line 124 down, and is trying to correspond with not drawing 5 but drawing 2 , and drawing 3 in 
drawing 6 . 
[0080] 

By the way, all of the pair of Transistors 22 A and 22B, the pair of Resistors 23 A and 23B, and sense amplifier 
106B are differential pairs, and it is important on actuation that the property is equal to the partner who makes a 
pair, Therefore, although a property is arranged of course beforehand, when the temperature conditions of the 
installation of each circuit element still differ, output characteristics may differ. On the other hand, with the 
gestalt of this operation, since it approached and the circuit element which makes the above-mentioned pair is 
arranged, in order to both receive the same temperature change, a mutual property changes similarly and a 
difference hardly produces it. Thereby, change of the output value produced by the temperature change can be 
reduced. 
[0081] 

(Configuration of a magnetic memory device) 

Next, the configuration of the magnetic storage components 12A and 12B used in the gestalt of this operation 

and a storage cell 12 is explained. 

[0082] 

Drawing 7 is the sectional view showing the configuration of a storage cell. Thus, as for a storage cell 12, it 
comes to carry the magnetic storage components 12A and 12B of one pair of right and left on a substrate 10. 
The layered product to which the 1st magnetic layer 1 , a non-magnetic layer 2, and the 2nd magnetic layer 3 
carried out the laminating of both these magnetic storage components 12A and 12B, While being arranged so 
that the direction which met the laminating side at one field side of this layered product may be made into shaft 
orientations, it is constituted including the annular magnetic layer 5 constituted so that bit line 6for store a and 
word line 6b for a store (the 1st, 2nd write-in line) might pierce. It is joined through the nonmagnetic 
conductive layer 4, and the 2nd magnetic layer 3 and annular magnetic layer 5 are connected electrically. 
[0083] 

moreover, the magnetic storage components 12A and 12B — respectively — being alike — the lead wire 1 1 for 
read-out sensing is formed in the top face (it is the field of an opposite hand in the annular magnetic layer 5) of 
a layered product, and toward the substrate 10, it is constituted so that a current can be passed at right angles to 
a laminating side to a layered product. 
[0084] 

The 1 st magnetic layer 1 is a ferromagnetic layer to which the magnetization direction was fixed, and the 2nd 
magnetic layer 3 is a ferromagnetic layer (magnetosensitive layer) from which the magnetization direction 
changes with external magnetic fields. On both sides of the very thin non-magnetic layer 2, the laminating of 
these is carried out to several nm (several 10A). In this layered product, if a vertical electrical potential 
difference is impressed to a laminating side between the 1st magnetic layer 1 and the 2nd magnetic layer 3, for 
example the electron of the 2nd magnetic layer 3 will run through a non-magnetic layer 2, will move to the 1st 
magnetic layer 1 , and tunnel current will flow. That is, the non-magnetic layer 2 here is a tunnel barrier layer. 
This tunnel current changes with the relative include angles of the spin of the 1 st magnetic layer 1 and the spin 
of the 2nd magnetic layer 3 in an interface part with a non-magnetic layer 2. Namely, when the spin of the 1st 
magnetic layer 1 and the spin of the 2nd magnetic layer 3 are mutually parallel, the resistance of magnetic 
storage component 12A (12B) serves as min, and it serves as max at the time of anti -parallel. 
[0085] 

Magnetization changes with induction fields according [ the 2nd magnetic layer 3 ] to bit line 6for store a, and 
word line 6b for a store. Here, it is reversed with induction field and, thereby, whenever [ with magnetization of 
the 1 st magnetic layer 1 / angular relation ] reverses magnetization of the 2nd magnetic layer 3 . Moreover, in 
order to perform selection of the storage cell 1 2 for writing by the so-called matrix driving method, only when a 
current flows in this direction not only to bit line 6for store a, or word line 6b for a store but to these both sides, 
the 2nd magnetic properties, dimension, etc. of a magnetic layer 3 are set up so that flux reversal may be 
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possible. This is the basic structure of magnetic storage component 12A (12B) as a TMR component. 
[0086] 

Here, the annular magnetic layer 5 had the telescopic configuration which has a vertical shaft in space in 
drawing 7 , and has connoted the part which was parallel mutually [ bit line 6for store a, and word line 6b for a 
store ]. That is, the shaft orientations of this annular magnetic layer 5 are the extension directions of bit line 6for 
store a, and word line 6b for a store, and serve as annular [ which was closed in the direction of a cross section 
which crosses shaft orientations ]. Moreover, the annular magnetic layer 5 consists of high permeability 
magnetic materials, and has the fiinction to change the magnetization direction of the 2nd magnetic layer 3 
efficiently, by confining the magnetic flux produced according to the current of bit line 6for store a to connote, 
and word line 6b for a store in the interior of a layer. The induction field which the cross section generated by 
being a closed loop as this annular magnetic layer 5 was illustrated flow back the inside of a layer along a field 
parallel to a cross section. Thereby, the annular magnetic layer 5 has the electromagnetic-shielding effectiveness 
of not making magnetic leakage flux produced outside. Moreover, since it is constituted so that the 2nd 
magnetic layer 3 may be touched on the other hand, it can be easy to tell a field to the 2nd magnetic layer 3, and 
the magnetization direction of the 2nd magnetic layer 3 which approaches that it is also at high flux density can 
be changed much more efficiently here. 
[0087] 

Moreover, drawing 8 shows the wiring structure of bit line 6for store a, and word line 6b for a store. Thus, the 
magnetic memory device of the gestalt of this operation is equipped with two or more word line 6b for a store 
prolonged so that two or more bit line 6a for a store and this bit line 6a for a store may be intersected, 
respectively. Although these are prolonged so that it may cross, in that crossover field, it was parallel 
selectively, and has extended and the magnetic storage components 12A and 12B are formed in this parallel 
part. In addition, with parallel here, **10 degrees of error range on manufacture are included. Although 
magnetization of the 2nd magnetic layer 3 is here reversed using the synthetic field of bit line 6for store a which 
was parallel, and word line 6b for a store, the magnitude of this induction field is larger than a synthetic field in 
case each wiring crosses. Therefore, write-in actuation can be performed efficiently. 
[0088] 

In addition, to each of magnetic storage component 12A (12B), it flows into a layered product from the lead 
wire 1 1 for read-out sensing, and a current flows so that it may pass from the annular magnetic layer 5 to a 
substrate 10. Therefore, the ingredient which has conductivity altogether is used for each class of the layered 
product except the non-magnetic layer 2 which passes tunnel current and the nonmagnetic conductive layer 4, 
and the annular magnetic layer 5. For example, a cobalt iron alloy (CoFe) is used for the 1st magnetic layer 1 
and the 2nd magnetic layer 3, in addition the cobalt (Co) of a simple substance, a cobalt platinum alloy (CoPt), 
a ferronickel cobalt alloy (NiFeCo), etc. can be used for them. Moreover, since the 1st magnetic layer 1 and 2nd 
magnetic layer 3 stabilize in the condition that the magnetization direction serves as parallel or anti-parallel 
mutually, they is [ making a mutual easy axis parallel ] desirable. 
[0089] 

As for a non-magnetic layer 2, the thickness is decided based on tunnel resistance etc. Generally, in the 
magnetic memory device using a TMR component, in order to aim at matching with semiconductor devices, 
such as a transistor, it is supposed that tunnel resistance is [ about several 1 Okomega-(micrometer) 2 ] suitable. 
However, in order to attain densification in a magnetic memory device, and high-speed-ization of operation, it 
is desirable lOkohm (micrometer) and that tunnel resistance takes still more preferably for lkohm (micrometer) 
and 2 or less two or less. In order to realize such tunnel resistance, as for the thickness of a non-magnetic layer 
(tunnel barrier layer) 2, it is still more preferably desirable to be referred to as 1 .5nm or less 2nm or less. 
However, if thickness of a non-magnetic layer 2 is made not much thin, while tunnel resistance can be reduced, 
the leakage current resulting from the irregularity of a junction interface with the 1 st magnetic layer 1 and the 
2nd magnetic layer 3 arises, and there is a possibility that MR ratio may fall. In order to prevent this, the 
thickness of a non-magnetic layer 2 needs to have the thickness which is extent to which leakage current does 
not flow, and it is desirable that it is specifically the thickness of 0.3nm or more. 
[0090] 

It functions as the nonmagnetic conductive layer 4 carrying out antiferromagnetism association of the 2nd 
magnetic layer 3 and annular magnetic layer 5, and a ruthenium (Ru), copper (Cu), etc. are used. Iron (Fe), a 
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ferronickel alloy (NiFe), Co, CoFe, NiFeCo, etc. can be used for the annular magnetic layer 5. Moreover, in 
order to centralize the field by bit line 6for store a, and word line 6b for a store on the annular magnetic layer 5, 
the larger possible one of the permeability of the annular magnetic layer 5 is desirable, and it is specifically 
6000 or more more preferably 2000 or more. 
[0091] 

Each of bit line 6for store a and word line 6b for a store has the structure where the laminating of titanium (Ti), 
titanium nitride (TiN), and the aluminum (aluminum) was carried out to order, and is mutually insulated 
electrically by the insulator layer. You may make it bit line 6for store a and write-in word line 6b consist of at 
least one sort in aluminum (aluminum), copper (Cu), and a tungsten (W). 
[0092] 

In addition, although magnetic storage component 12A (12B) is considering as the TMR component here, it 
may be the CPP(Current Perpendicular to the Plane)-GMR component of the structure of passing a current at 
right angles to the laminating side of a magnetic layer too. Every time the component structure in that case 
removes changing a non-magnetic layer 2 to a non-magnetic metal layer from an insulating layer, it can make it 
be the same as that of the above-mentioned magnetic memory device 12A (12B). 
[0093] 

An epitaxial layer 9 is formed on the substrate 10 with which the magnetic storage components 12A and 12B 
are formed, and the conductive layer 8 and the insulating layer 7 are further formed on it. A conductive layer 8 
consists of conductive layers 8A and 8B mutually insulated through the insulating layer 7. Although formed in 
the top face of a conductive layer 8 and an insulating layer 7, the magnetic storage components 12A and 12B 
are positioned, respectively so that a part of the formation field [ at least ] may lap with the formation field of 
conductive layers 8A and 8B. Therefore, it is joined to the conductive layers 8A and 8B by which the separation 
insulation is carried out according to an individual, respectively, and magnetic storage component 12A and 
magnetic storage component 12B are insulated electrically mutually. That is, wiring is made here so that it may 
not flow through magnetic storage component 12A and magnetic storage component 12B electrically. 
[0094] 

Moreover, let a substrate 10 be n mold silicon wafer here. Generally, impurity diffusion of P (phosphorus) is 
performed to n mold silicon wafer, and what serves as an n++ mold by high concentration diffusion of P 
(phosphorus) is used as a substrate 10. On the other hand, low concentration diffusion of the P (phosphorus) is 
carried out, and it is made for an epitaxial layer 9 to serve as n-mold. Moreover, a metal is used for a conductive 
layer 8. If the epitaxial layer 9 which is n-mold semi-conductor, and the metaled conductive layer 8 are 
contacted at this time, a band gap will arise and schottky diode will be formed. This is the diodes 13A and 13B 
in the gestalt of this operation. 
[0095] 

There are advantages, like that it is a low price that a silicon wafer with an epitaxial layer is easy to come to 
hand and a formation process is simple in forming Diodes 13A and 13B as schottky diode in this way. 
However, compared with PN-junction diode, leakage current of schottky diode is several 100 or more times 
large, and, in addition, its increment in the leakage current accompanying a temperature rise is also large. When 
this magnetic memory device is made into a MRAM semi-conductor memory chip and no less than several 
1000 pieces connect schottky diode to juxtaposition every storage cell 12, it is possible to become the cause 
which reads since leakage current increases considerably, and lowers the S/N ratio of an output. Here, as diode 
13, although a cost side and the advantageous schottky diode in respect of manufacture were adopted, when 
leakage current cannot be disregarded, it is also possible to form by B JT which short-circuited between PN- 
junction diode and a base collector for diode 13, or MOSFET which short-circuited between gate drains. 
[0096] 

Drawing 9 expresses a storage cell with a circuit diagram. Thus, since the value of the current which flows 
according to whenever [ angular relation / of magnetization of the 1 st magnetic layer 1 and the 2nd magnetic 
layer 3 ] changes, it is considered that one pair of magnetic storage components 12A and 12B are variable 
resistance. That is, magnetic storage component 12A (12B) takes the condition of the low resistance with the 
high current density of the tunnel current which can be passed, and the condition of the high resistance with 
small current density. 
[0097] 
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In addition, although next explanation of operation is explained in full detail, in the gestalt of this operation, one 
side of the magnetic storage components 12A and 12B is considered as low resistance, and information is 
memorized by considering another side as high resistance. This is exactly for carrying out the differential 
amplifier of the output from two magnetic storage components 12A and 12B, and reading it. Therefore, two 
magnetic storage components 12A and 12B which make a pair need to be manufactured so that the magnitude 
of resistance, magnetic-reluctance rate of change, and the reversal field of the 2nd magnetic layer 3 may 
become equal. 
[0098] 

[Write-in actuation to a storage cell] 

Next, the information storage method and the write-in actuation approach in this storage cell 12 are explained. 
[0099] 

drawing 10 — drawing 9 — the same — a storage cell — a table — the bottom — a thing — it is — the magnetic 
storage components 12A and 12B ~ magnetization of each 1st magnetic layer 1 and the 2nd magnetic layer 3 is 
expressed. In this drawing, the white arrow head expresses magnetization of the 1st magnetic layer 1, and 
magnetization is being fixed rightward for the magnetic storage components 12A and 12B. On the other hand, a 
black arrow head expresses magnetization of the 2nd magnetic layer 3, and is magnetized with the magnetic 
storage components 12A and 12B by the sense which serves as anti -parallel mutually. Thus, by the storage cell 
12, information is memorized in the condition that the magnetization direction of the 2nd magnetic layer 3 of 
one pair of magnetic storage components 12A and 12B serves as anti-parallel mutually. 
[0100] 

At this time, the combination of the magnetization direction of each 1 st magnetic layer 1 and 2nd magnetic 
layer 3 will be in the 1st condition [ surely / (parallel, anti-parallel) ] and the 2nd condition of (anti-parallel and 
parallel) in one pair of magnetic storage components 12A and 12B. Therefore, one storage cell 12 is made to 
memorize 1 -bit information by making binary information "0" and " 1 " correspond to these two conditions. In 
addition, in magnetic storage component 12A (12B), if the magnetization direction of the 1st magnetic layer 1 
and the 2nd magnetic layer 3 is parallel, it will be in the low resistance condition that big tunnel current flows, 
and if it is anti-parallel, it will be in the high resistance condition that only small tunnel current flows, that is, 
magnetic storage component 12A and magnetic storage component 12B which make a pair — surely — on the 
other hand, it is low resistance, and another side serves as high resistance and information is memorized. 
[0101] 

thus, the magnetic storage components 12A and 12B used as a pair — setting — the magnetization direction of 
the 2nd magnetic layer 3 — mutual — anti — since it was parallel, it was shown in drawing 1 1 — as — the 
magnetic storage components 12A and 12B — to each bit line 6for store a, and word line 6b for a store, a current 
is passed so that it may become the reverse sense relatively (refer to drawing 8 ). The sense of the write-in 
current in the case of writing "1 " bit shown in drawing 10 in drawing 1 1 to a storage cell 12 is shown. 
[0102] 

thereby — the magnetic storage components 12A and 12B — the field which flows back to the reverse sense 
mutually is guided to each annular magnetic layer 5, and the magnetization (that is, sense of induction field) in 
an opposed face with each 2nd magnetic layer 3 becomes it with anti-parallel mutually, the magnetic storage 
components 12A and 12B — the sense of the field to which magnetization of each 2nd magnetic layer 3 is given 
from this outside — following — anti — it becomes parallel and that magnetization condition is fixed by 
antiferromagnetism association with the annular magnetic layer 5. for writing in "0 [ in addition, ]" bit — the 
magnetic storage components 12A and 12B — the sense of the current boiled, respectively is reversely changed 
to the sense of a graphic display. 
[0103] 

Since induction field are confined in the interior of the annular magnetic layer 5 at this time, the effectual 
magnetic field strength which contributes to the flux reversal of the 2nd magnetic layer becomes large as 
compared with the former. Consequently, flux reversal of the 2nd magnetic layer 3 can be carried out with 
required sufficient magnetic field strength, and efficient write-in actuation can be performed. In this writing, a 
paraphrase arranges magnetization of the 2nd magnetic layer 3 so that it may become sufficient magnitude to a 
predetermined direction. Therefore, a possibility that the magnetization direction of this 2nd magnetic layer 3 
may be disturbed by the external turbulence field is reduced, and it can prevent the once written-in information 
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not expecting, being erased, or being rewritten. That is, information can be written in certainly. 
[0104] 

In this magnetic memory device, first, an address buffer 101 incorporates the signal level of the external data 
terminals A0-A20, and amplifies with an internal buffer, and it transmits to the address decoders 1 06A and 
108 A of the direction of Y, and the direction of X through the address line 105,107. A data buffer 102 
incorporates the signal level of the external data terminals D0-D7 to it and coincidence, amplifies to them with 
an internal buffer, and transmits to them through the data bus 1 1 0,1 1 1 for writing in the current drives 1 06C and 
108C of the direction of Y, and the direction of X ( drawing 1 ). 
[0105] 

Address decoders 106A and 108 A choose bit line 6for store a with the decoding value corresponding to this, 
and word line 6b for a store with a selection signal. Moreover, the sense of the current passed to bit line 6for 
store a and word line 6b for a store is determined by the current drives 106C and 108C. The storage cell 12 to 
which a current flows to the both sides of bit line 6for store a and word line 6b for a store is chosen as a 
meaning by this, and predetermined bit data are written in there. For example, the sense of the current of bit line 
6for store a and word line 6b for a store is shown by the arrow head, and signs that the storage cell 12 is chosen 
are expressed with drawing 8 R> 8. 
[0106] 

[Read-out actuation] 

A magnetic memory device reads as follows the information written in each storage cell 12. 
[0107] 

(Basic actuation) 

Drawing 12 shows the basic configuration of a storage cell. First, the fundamental part of read-out actuation is 
explained with reference to this drawing. Each storage cell 12 is in the condition that the magnetic storage 
components 12A and 12B became the magnetization direction like a graphic display, and information was 
memorized. Among these, corresponding to the address, the direction of Y is chosen for the storage cell 12 
which reads information in a selection signal being inputted at the WORD decoding line 30, as for the bit 
decoding line 20 and the direction of X. For example, when the storage cell 12 to choose is in Yn train and 
Xn+1 line, a signal is inputted into WORD decoding line 30n+l [ Xn+1 position ] as 20n of Yn position bit 
decoding lines. 
[0108] 

If the voltage level in 20n of Yn position bit decoding lines is made into "High", Transistors 22A and 22B will 
be in an energization condition, and a sensing current will flow to the direction block of a train of Yn position 
of a storage cell 12 (bit string Yn). A sensing current flows and goes down the sense bit lines 21 A and 2 IB 
toward the opposite hand from a power-source Vcc side. 
[0109] 

On the other hand, if the voltage level in WORD decoding line 30n+l [ Xn+1 position ] is made into "High", a 
transistor 33 will be in an energization condition and a current will be allowed to flow to the line writing 
direction block (WORD train Xn+1) of a storage cell 12 of Xn+1 position. Therefore, from that of the Yn 
position sense bit lines 21 A and 2 IB, a sensing current passes along magnetic storage component 12 A, diode 
13 A, and magnetic storage component 12B and diode 13B, respectively, both flows into the Xn+1 position 
sense word line 31, passes along between the collector emitters of the transistor 33 which constitutes current 
regulator circuit 108B further, and escapes from it from a resistor 34 to touch-down. Thus, Yn train and the 
Xn+1 line storage cell 12 are chosen by passing a sensing current for Yn train and the Xn+1 line magnetic 
storage components 12A and 12B. 
[0110] 

Read-out of information is performed by detecting the difference of a current value which flows to each of the 
magnetic storage components 12A and 12B of a storage cell 12. The current which flows to these is almost 
equal to the sensing current which flows the sense bit lines 21 A and 2 IB. Moreover, the voltage drop by the 
sensing current occurs in resistor 23 A (23B) connected to the serial to sense bit line 21 A (2 IB). It opts the 
resistance of Isense and resistor 23 A (23B) for the voltage drop Va by Ra, then the degree type in the magnitude 
of a sensing current. 

Va(Volt) = Isense(A) x Ra (omega) - (1) 
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A formula (1) shows transforming the sensing current Isense into an electrical potential difference by the 
voltage drop Va, and being detected, if the value of resistor 23 A and resistor 23 B has gathered well. Then, he 
reads here and is trying to detect ejection and its difference for the voltage drop of resistor 23A and resistor 23B 
from input lines 40A and 40B as an output signal, respectively. Thus, as a storage cell 12, the big output value 
from which the noise was removed is acquired by taking out the difference of each output value using two 
magnetic storage components 12A and 12B. 
[0111] 

(Operation of current regulator circuit 1 08B) 

In the above read-out actuation, the magnitude of the sensing current which flows to the selected storage cell 12 
is adjusted by the current limiting resistor 34 prepared in the earth side of the sense word line 31. Although a 
current limiting resistor 34 is effective in restricting the amount of currents by independent [ this ], current 
regulator circuit 108B constituted combining a current limiting resistor 34, and a transistor 33 and diode 32 
operates further here so that the amount of currents may be stored within fixed limits. 
[0112] 

If the voltage level of the WORD decoding line 30 is "High", the diode 32 connected to the two-piece serial will 
make intermediate voltage level only with high +2phi fixed from touch-down by the band gap reference of 
diode. Therefore, intermediate voltage level is impressed to the base terminal of a transistor 34, and a transistor 
34 will be in an energization condition at it. At this time, magnitude Isense of the sensing current which flows 
from the sense word line 3 1 can be found in Rc, then a degree type in the resistance of a current limiting resistor 
34. 

Isense (A) =/(Volt (2phi'-phi")) Rc (omega) - (2) 

The forward voltage of the diode 32 with which 2phi' became the serial of two pieces, and phi" are the forward 
voltage between the BESU emitters of a transistor 33. Since these are the values of a semiconductor device 
proper, as for the formula (2), it is shown that the sensing current Isense will take constant value if resistance Rc 
is decided, and that the sensing current Isense is decided to be a meaning by making resistance Rc into a 
parameter. 
[0113] 

That is, in the sense word line 31, it stabilizes and flows with the value of within the limits with the feeble fixed 
sensing current Isense, thanks to this current regulator circuit 108B. In addition, the sensing current Isense of a 
formula (2) is a current which flows to the sense word line 31 , and is total of a current which flows the both 
sides of sense bit line 21 A and sense bit line 21 B or magnetic storage component 12 A, and magnetic storage 
component 12B. 
[0114] 

When a current limiting resistor 34 is set to 50kohm and silicon diode and a silicon transistor are used for diode 
32 and a transistor 33 as an example, the sensing current Isense by current regulator circuit 108B is set to about 
ISmicroA. in this case, the magnetic storage components 12A and 12B which make a pair according to the 
cause on manufacture — though the range of the resistance which each can take on actuation actuation differs, 
the total of a current which flows both always becomes equal to about 1 SmicroA. In addition, since a non- 
magnetic layer 2 has only the thickness of the number atomic unit of several nm (several 10A), dispersion in the 
resistance of magnetic storage component 12A (12B) by the cause on manufacture means that resistance 
changes by the slight turbulence of thickness and atomic arrangement. So, in the resistance of magnetic storage 
component 12A (12B), although careful attention is paid to forming a non-magnetic layer 2 by uniform 
thickness, when conditions, such as a manufacturing facility, are bad, dispersion beyond it will arise about 1 5 to 
50% actually. 
[0115] 

To dispersion in the resistance of the magnetic storage components 12A and 12B, two cases can be considered 
for every factor. **1 The 1st is the case where the resistance at the time of low resistance of the magnetic 
storage components 12A and 12B and high resistance changes with dispersion in the thickness of a non- 
magnetic layer 2 etc. between storage cell 12 comrades. If the thickness of a non-magnetic layer 2 increases 
generally, as for resistance of one pair of magnetic storage components 12A and 12B, the time of high 
resistance will come to take a big value at the time of low resistance. **2 The 2nd is the case where it differs in 
each storage cell 12 among the magnetic storage components 12A and 12B which are making the pair according 
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to the difference in the irregularity of a junction interface, or the thickness of a non-magnetic layer 2, and other 
causes, a ratio, i.e., MR ratio, with resistance in case only resistance in case big tunnel current flows, and small 
tunnel current flow. 
[0116] 

Here **1 Suppose that the resistance of the magnetic storage components 12A and 12B varied between storage 
cells 12. Although each current value which flows the sense bit lines 21 A and 21B is a value according to the 
resistance of one pair of magnetic storage components 12A and 12B, respectively, the total is controlled to 
always take constant value. In other words, each current value which flows the sense bit lines 21 A and 21B 
distributes a certain standardized amount of currents according to resistance ratio. Therefore, blurring of each 
current value decreases compared with the dispersion degree of resistance. Especially, when dispersion in 
resistance between storage cells 12 does not change each MR ratio, since the resistance ratio of one pair of 
magnetic storage components 12A and 12B is equal, regardless of the size of the resistance for every storage 
cell 12, each current value of the sense bit lines 21 A and 21 B becomes almost equal (though it differs quite 
greatly). In this way, the difference of the current value of the sense bit lines 21 A and 21 B is always stored 
within fixed limits. Therefore, it can become possible to be stored within fixed limits and to obtain the stable 
differential output, and the difference of the voltage drop of the resistors 23 A and 23B for current potential 
conversion can also raise the S/N ratio of a read-out signal. 
[0117] 

On the other hand, so that the above-mentioned explanation may also show **2 Lowering of dispersion of MR 
ratio of magnetic storage component 12 A pair magnetic storage component 12B, especially MR ratio is fatal 
when obtaining a differential output, and it will drop the S/N ratio of an output signal extremely. However, 
since current regulator circuit 108B is prepared, blurring of the current in each of the sense bit lines 21 A and 
21 B is held down here according to the total current value. Thereby, ** is also stopped uniformly and 
fluctuation of the voltage drop of the resistors 23A and 23B for current potential conversion can mitigate 
dispersion in the offset voltage in the input of sense amplifier 106B. Therefore, the S/N ratio of the output 
signal of read-out is improvable also in this case. 
[0118] 

(Operation of the diode for antisuckbacks) 

Moreover, in the above read-out actuation, the diodes 13A and 13B formed on the current path by the side of 
the sense word line 31 of each magnetic storage components 12A and 12B have prevented that a current flows 
backwards from the sense word line 31 to the magnetic storage components 12A and 12B. 
[0119] 

Since each magnetic storage components 12A and 12B of bit string Yn and the WORD train Xn are here 
connected to the common sense bit lines 21 A and 2 IB and the common sense word line 31, a part of sensing 
current separates from it and carries out reading appearance of the path of normal, and it flows into another path 
through the magnetic storage components 12A and 12B which are not objects, and as it is, flow to touch-down, 
and fall, it turns on the path of normal again, or it has a possibility of carrying out. Such wiring structure is still 
taken here for making current regulator circuit 108B share for every train, although it is also for making the 
selecting switch of a storage cell 12 share also with the direction of a bit, and the direction of WORD with a 
single switch for every train, and simplifying wiring. 
[0120] 

The current component which strays off the path of such normal and flows the inside of a circuit, especially a 
surroundings lump component generate magnetic storage component 12A (12B) on the path which flows 
backwards. However, the path is intercepted here by the diodes 13A and 13B which are one direction 
components. 
[0121] 

Drawing 1 3 shows the path (i) of the leakage current in case there are no diodes 13A and 13B on the current 
path of the magnetic storage components 12A and 12B, and the path (ii) (iii) of a surroundings lump as an 
example of a comparison over the gestalt of this operation. In this drawing, bit string Yn and the storage cell 12 
of WORD train Xn+1 are eels to which reading appearance of the information is just carried out now. That is, it 
is the current path of normal which the continuous line showed. 
[0122] 
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On the other hand, a part of sensing current flows backwards like a path (i) for the magnetic storage components 
12A and 12B which adjoin in the direction of a WORD train from the sense word line 3 1 , and it flows to sense 
bit line 20n+l further. In addition, the same leakage is produced also to the magnetic storage components 12A 
and 12B (not shown) of a large number connected to the same sense word line 3 1 in common. 
[0123] 

Moreover, the path which turns around magnetic storage component 12A by the side of low resistance of a 
storage cell 12 (12B) as ** exists, for example like a path (ii). In this drawing, the path is illustrated in all the 
storage cells 12 by making the magnetic storage component 12A into a low resistance side. In this case, it gets 
down from sense bit line 21 A further, adjoins in the direction of a bit string, passes along magnetic storage 
component 12A which is low resistance, and flows backwards to magnetic storage component 12A by the side 
of low resistance of the storage cell 12 which adjoins in the direction of a WORD train further through the sense 
word line 31. then — up to magnetic storage component 12A (it adjoins in the direction of a bit string by a 
diagram) connected to the selected sense word line 31 in different sense bit line 21 A from the path of normal — 
going up — magnetic storage component 12A of this low resistance — flowing — just — being alike — it flows 
into the selected sense word line 3 1 . The same surroundings lump is produced also to the magnetic storage 
components 12A and 12B (not shown) of a large number which make the same the sense word line 31 
connected with magnetic storage component 12A (not shown) of a large number connected to the same sense 
bit line 21 A, and those magnetic storage component 12 A. When magnetic storage component 12B is low 
resistance, a surroundings lump occurs similarly. 
[0124] 

There is a path (iii) as an example of another surroundings lump. In this case, one storage cell 1 2 is passed by 
flowing backwards to magnetic storage component 12B (high resistance side) in either magnetic storage 
component 12A or magnetic storage component 12B from magnetic storage component 12A (low resistance 
side) connected to the same sense bit line 21 A. Furthermore, sense bit line 2 IB of an opposite hand is gone up, 
and it turns to the path of normal from magnetic storage component 12B of the storage cell 12 for read-out. 
[0125] 

All of such a path (i) - (iii) can be intercepted like the gestalt of this operation by forming Diodes 13A and 13B 
on the current path of each magnetic storage components 12A and 12B. Thus, through the magnetic storage 
components 12A and 12B, a current can leak, it can turn or the noise over the fluctuation, i.e., the signal, of a 
sensing current produced by carrying out can be reduced. In addition, also when it is made to connect the 
current path of the magnetic storage components 12A and 12B of each storage cell 12 to one diode, it is 
possible to intercept a path (i) and (ii), and fixed effectiveness is expected from the leakage of a current, or a 
surroundings lump. However, in order to intercept a path (iii), like the gestalt of this operation, un-flowing the 
magnetic storage components 12A and 12B needs to be supposed in a storage cell 12, and an antisuckback 
needs to be given independently mutually. 
[0126] 

(Modification of the diode for antisuckbacks) 

The diodes 13A and 13B for antisuckbacks of the gestalt of this operation can be transposed to the transistor 
which is the component which similarly has rectification. The case where the transistors 63 A and 63B for 
antisuckbacks are formed in drawing 14 as such a modification between the magnetic storage components 12A 
and 12B and the sense word line 31 is illustrated. If these transistors 63 A and 63B for antisuckbacks connect a 
base terminal to the bit decoding line 20 or the WORD decoding line 30, it can interlock and the sense bit lines 
21 A and 21 B or the sense word line 3 1 can be made to flow through them. In addition, in such a case, 
Transistors 22A and 22B hope that there is nothing. Such transistors 63A and 63B for antisuckbacks function as 
an one direction component similarly. 
[0127] 

It is mentioned that the advantage of using the transistors 63 A and 63B for antisuckbacks has a quite low 
electrical potential difference at the time of a flow compared with the forward voltage of diode, the collector to 
emitter voltage at the time of the flow of a transistor — dramatically — being low (about [ About 0.2 ] V) — 
diode requires the electrical potential difference of a band gap phi (0.65V-0.75V) as forward voltage. In the 
readout circuitry of the gestalt of this operation, the current path has five-step composition of resistor 23for 
current potential conversion A (23B), transistor 22 A (22B), magnetic storage component 12A (12B), diode 
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13 for antisuckbacks A (13B), a transistor 33, and a current limiting resistor 34 from the power source Vcc to the 
serial towards touch-down. Therefore, although it is necessary to take electrical-potential-difference allocation 
into consideration, the transistors 63A and 63B for antisuckbacks can be operated also with low supply voltage 
also about 0.5V compared with the diodes 13A and 13B for antisuckbacks. Moreover, as a part for the surplus 
of this electrical potential difference is distributed, it becomes possible till performing several step raising and 
still more complicated control operation from five steps about a circuit. 
[0128] 

Moreover, the diodes 1 3 A and 1 3B for antisuckbacks can also be transposed to MOSFETs 73 A and 73B for 
antisuckbacks, as shown in drawing 15 . In this case, the electrical potential difference between the drain- 
sources at the time of a flow is quite as low as about 0.1 V, and that operation effectiveness is the same as that of 
the transistors 63A and 63B for antisuckbacks almost. 
[0129] 

in addition, these rectifying devices were shown in drawing 16 - drawing 1 8 — as — the sense bit lines 21 A and 

21 B and the magnetic storage components 12A and 12B — it may be prepared between each. 

[0130] 

(It is latter signal output actuation from a sense amplifier) 

Furthermore, the good output of S/N is obtained still more greatly [ ( drawing 2 ) and a value ] by carrying out 
the differential amplifier of the potential difference taken out from input lines 40A and 40B by sense amplifier 
106B. Although cascade connection of much sense amplifier 106B of each direction unit read-out circuit 80 (— 
,n [ 80 ], 80n+l, — ) of a bit is carried out to output lines 51 A and 5 IB by the collector side, when a transistor 44 
flows, corresponding one sense amplifier 106B becomes active, and only the collector output is sent out to 
output lines 51 A and 5 IB, at the same time one of the bit decoding lines 20 which have more than one is 
chosen. 
[0131] 

In addition, since accumulation arrangement of Transistors 22 A and 22B, Resistors 23 A and 23B, and the sense 
amplifier 106B is carried out into the field of the same width of face W as a storage cell 12, the components 
which make a differential pair among these become almost equal [ a working temperature change ] here. 
Thereby, fluctuation of the output value produced by the temperature change is suppressed. 
[0132] 

The output of sense amplifier 106B is eventually inputted into output-buffer 102B via output lines 51 A and 5 IB 
and the data bus 1 12 for read-out. Output-buffer 102B outputs it from the external data terminals D0-D7 as a 
binary voltage signal while amplifying the inputted signal level. 
[0133] 

Thus, in the gestalt of this operation, since the magnetic storage components 12A and 12B should be equipped 
with the annular magnetic layer 5, while they can be written in efficiently, they can fully arrange the 
magnetization direction of the 2nd magnetic layer 3, and can write in information certainly. If magnetization of 
the 2nd magnetic layer 3 is in the condition which gathered in the predetermined direction enough in this way 
when reading information on the other hand, large and small binary condition will be clearly shown also for the 
tunnel current value in magnetic storage component 12A (12B), and the high output value of a S/N ratio will be 
acquired by the relative magnetization direction with the 1 st magnetic layer 1 . 
[0134] 

In addition, a storage cell 12 is constituted from one pair of magnetic storage components 12A and 12B, and 
since it was made to carry out the differential output of the current which flows to both sides, the noise 
combined with the sense bit lines 21 A and 21B is removed here. Further, current regulator circuit 108B is 
prepared in the earth side of the sense word line 31 , and since the total of a sensing current which flows to a 
readout circuitry was kept constant, the difference of the current value of the sense bit lines 21 A and 21B is 
always stored within fixed limits to dispersion in the property for every storage cell 12. Moreover, standardizing 
the total current value to constant value has the effectiveness of holding down fluctuation of each current value 
of the sense bit lines 21 A and 2 IB, also to dispersion of mutual resistance of one pair of magnetic storage 
components 12A and 12B. This can be enabled to obtain the stable differential output and the S/N ratio of a 
read-out signal can be raised. In addition, since it was made for the transistor 33 of current regulator circuit 
108B to function also as a solid state switch of the WORD decoding line 30, it can be manufactured 
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comparatively plainly and its circuit design top is also advantageous. 
[0135] 

Moreover, since Diodes 13A and 13B were formed as an one direction component between each magnetic 
storage components 12A and 12B and the sense word line 31, it is prevented that a current flows backwards 
from the sense word line 31 to the magnetic storage components 12A and 12B. Since it is prevented that a 
current path is made between magnetic storage component 12A between the storage cells 12 connected to the 
common sense bit lines 21 A and 2 IB or the common sense word line 31 by this and in one storage cell 12 and 
magnetic storage component 12B and the leakage of a sensing current and a surroundings lump are intercepted, 
a noise can be reduced. 
[0136] 

Furthermore, with the gestalt of this operation, since it was made to carry out accumulation arrangement of 
Transistors 22A and 22B and the resistors 23 A and 23B with sense amplifier 106B, a differential amplifying 
circuit is constituted with sense amplifier 106B, and the circuit element which makes a pair is formed in the 
location which approached mutually in the circuit area of sense amplifier 106B. Therefore, since these circuit 
elements are driven on the same temperature conditions, property dispersion by the temperature change is 
controlled and they can prevent the noise in this differential amplifying circuit. 
[0137] 

as mentioned above, in the readout circuitry in the magnetic memory device of the gestalt of this operation 
While reducing the noise by dispersion in the property for every storage cell 12, and the noise by dispersion of 
mutual resistance of one pair of magnetic storage components 12A and 12B Since the noise combined with the 
data line, sense amplifier 106B and the noise by other property dispersion of a differential pair, and the noise of 
the circumference circuit around which it turns from a power circuit were suppressed, greatly, it can improve 
and the S/N ratio of a read-out signal output can be improved. Therefore, this magnetic memory device can 
perform little stable actuation of a reading error. Moreover, it is possible to obtain output sufficient also when 
integrating a storage cell 12 highly by improvement in a S/N ratio, since a big signal output value can be 
acquired, it is one of these and it is also possible to realize actuation of low current and a low battery. 
[0138] 

In addition, generally, in order to prevent carrying out dielectric breakdown of the ultra-thin tunnel barrier layer, 
when passing tunnel current for a magnetic storage component, it is necessary to make the electrical potential 
difference concerning a component into a suitable value by the magnetic memory device. By having current 
regulator circuit 108B, the magnetic memory device of the gestalt of this operation can make tunnel current 
small, and can lower and drive the electrical potential difference concerning the tunnel barrier layer 2 to an 
electrical potential difference also with the electric proof-pressure twist low enough. Moreover, as for the 
readout circuitry of the gestalt of this operation, the current path has five-step composition of resistor 23for 
current potential conversion A (23B), transistor 22A (22B), magnetic storage component 12A (12B), diode 
13for antisuckbacks A (13B), a transistor 33, and a current limiting resistor 34 to the serial towards a power 
source Vcc to touch-down. From the relation of the electrical-potential-difference partial pressure, the voltage 
drop in such magnetic storage component 12A (12B) can be actually suppressed low with about 0.1 V-0.3V. Of 
course, although the voltage output (voltage drop in the current potential conversion resistance 23A and 23B) 
directly obtained from the magnetic-recording components 12A and 12B in such a case is feeble, a S/N ratio is 
high by the effectiveness which made the sensing current constant current. Here, since this output is made to 
amplify in several more steps of differential amplifying circuits and is made into the final output, sufficient 
read-out sensibility can be obtained. That is, it is possible for a value to obtain the signal output of a good S/N 
ratio greatly enough at the same time it makes this magnetic memory device drive by very feeble tunnel current 
compared with the former and it prevents dielectric breakdown of the magnetic storage components 12A and 
12B. 
[0139] 
[Example] 

[Verification of the amplification degree by the sense amplifier] 

In the same real circuit (refer to drawing 2 ) as the gestalt of the above-mentioned implementation, the current 
value in each point of measurement was measured during read-out of information using the current probe. Point 
of measurement is nine points of P1-P9 shown in drawing 19 . 
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namely 

Point of measurement PI — Collector terminal of transistor 22 A 
Point of measurement P2 — Collector terminal of transistor 22B 
Point of measurement P3 — Base terminal of transistor 22A 
Point of measurement P4 — Base terminal of transistor 22B 
Point of measurement P5 — Collector terminal of transistor 41 A 
Point of measurement P6 — Collector terminal of transistor 41 B 
Point of measurement P7 — Base terminal of transistor 41 A 
Point of measurement P8 — Base terminal of transistor 41 B 
Point of measurement P9 — Collector terminal of a transistor 44 

It comes out. The value of the bit decoding electrical potential difference which impresses these current values 

to the bit decoding line 20 was changed, and was measured. 

[0140] 

Drawing 20 shows the measurement result of point of measurement P1-P4. In a real circuit, the current which 
flows to sense bit line 21 A by the side connected to magnetic storage component 12A serves as total of the 
emitter current of transistor 22A, i.e., the collector current and base current of transistor 22A. A measurement 
result shows that the collector current of point of measurement PI is large to extent which can disregard the 
base current of point of measurement P3. Therefore, at the collector edge and emitter edge of transistor 22 A, it 
turns out that the flowing current is almost equal. Moreover, the same is said of the relation between the 
collector current of the point of measurement P2 to transistor 22B, and the base current of point of measurement 
P4, and it turns out at the collector edge and emitter edge of transistor 22B that the flowing current is almost 
equal. 
[0141] 

Drawing 21 shows the measurement result of point of measurement P1-P9 (the scale of the current value of an 
axis of ordinate differs from drawing 20 ). The current which flows to the resistors 23A and 23B for current 
potential conversion branches, and flows into the collector terminal of the transistors 22A and 22B which are 
the switches for bit string selection, and the base terminal of the transistors 41 A and 41 B which are the 
differential pairs of sense amplifier 106B, respectively. Furthermore, although total of the collector current of 
Transistors 41 A and 41B and base current serves as each emitter current, the emitter current joins with common 
wiring, and flows into the collector terminal of a transistor 44. 
[0142] 

Each base current (current of point of measurement P7 and P8) is amplified, and the collector current, of 
Transistors 41 A and 41 B is acquired. A measurement result shows that it is very large compared with the 
current difference of the sense bit lines 21 A and 2 IB whose difference of the collector current of transistor 41 A 
of point of measurement P5 and the collector current of transistor 41 B of point of measurement P6 is the 
original outputs. In the case of the measurement data of a graphic display, the ratio of the current difference 
reaches also about 200 times. Therefore, in this magnetic memory device, it turns out that a very big output is 
obtained by amplifying a read-out signal by such sense amplifier 106B. 
[0143] 

In addition, it can be said that the current which that it is dramatically small also shows the base current of the 
transistors 41 A and 41B in point of measurement P7 and P8 as for a measurement result, and flows to the 
resistors 23A and 23B for current potential conversion is almost equal to the current which flows into the 
collector terminal of Transistors 22 A and 22B. Therefore, in this readout circuitry, it has checked that sense 
amplifier 106B was amplifying faithfully current change of the magnetic storage components 12A and 12B. 
[0144] 

[Verification of the effectiveness of a current regulator circuit] 

Next, in the same real circuit as the gestalt of operation, in the case of two kinds, fluctuation of the read-out 
signal (electrical potential difference) over resistance dispersion of magnetic storage component 12A (12B) was 
divided, and was investigated. 
[0145] 

(Effectiveness over resistance dispersion between storage cells) 

First, the resistance at the time of low resistance of each magnetic storage components 12A and 12B (RL) and 
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the resistance at the time of high resistance (RH) investigated about the case where it differs between storage 
cells 12. That is, the output value of the read-out electrical potential difference from the storage cell 12 from 
which resistance RL and RH differs, respectively was measured. Here, although the resistance for every storage 
cell 12 was changed about 10 times at maximum and the minimum value, MR ratio (RL/RH) in each storage 
cell 12 was taken as immobilization 25%. 
[0146] 

Drawing 22 expresses the measurement result and the output voltage value which standardized the axis of 
abscissa with the resistance RH at the time of high resistance, and standardized the axis of ordinate with supply 
voltage Vcc is shown. In this drawing, the table of the output voltage value from magnetic storage component 
12B (12A) of the direction where x mark took the resistance RL at the time of low resistance for the output 
voltage value from magnetic storage component 12A (12B) of the direction where the white round head took 
the resistance RH at the time of high resistance is carried out, respectively. Moreover, measured value is 
contracted with the continuous line and the result in the example of a comparison of a configuration of sensing 
directly the voltage drop of a sink and its magnetic storage component for a current for the magnetic storage 
component of a couple showed by the dotted line. 
[0147] 

Even if the resistance for every storage cell 12 differs that greatly by the readout circuitry of the gestalt of 
operation from the illustrated result, it is clear output voltage's [ the output voltage from a resistance RL side 
and ] from a resistance RH side to take about 1 constant value, respectively. Therefore, the final output 
electrical potential difference which is both difference was not depended on resistance dispersion for every 
storage cell 12, either, but the always fixed thing has been checked. This is the effectiveness of standardizing 
the total of a current which flows for the magnetic storage components 12A and 12B which prepare current 
regulator circuit 108B and take resistance RL and RH, as explained in the gestalt of operation. 
[0148] 

(Example of a comparison) 

As an example of a comparison of this example, same measurement was performed in the reading circuit of a 
configuration of sensing directly the voltage drop of a sink and its magnetic storage component for a current for 
the magnetic storage component of a couple. The representative circuit schematic of the example of a 
comparison is shown in drawing 23 . One side serves as high resistance, another side serves as low resistance, 
this reading circuit takes the method which reads the difference of the electrical potential difference of one pair 
of magnetic storage components (it illustrates as variable resistance Rl and R2) which memorizes information, 
and although each of a magnetic storage component which makes a pair is connected to a current source and the 
solid state switch for eel selection at a serial, this serial wiring is required independently separately mutually, 
moreover, since direct reading appearance of the voltage drop of a magnetic storage component is carried out as 
S/S in this case, the resistor for current potential conversion is not used. The measurement result is shown to 
drawing 22 by the dotted line. Thus, in the circuit which sets constant the current over each magnetic storage 
component, an output value changes a lot in proportion to resistance of a magnetic storage component. 
Therefore, promptly, the resistance dispersion condition of a magnetic storage component is changing, and will 
influence an output value. 
[0149] 

(Effectiveness over resistance dispersion between magnetic storage components) 

Next, it investigated about the case where MR ratio varies, among the magnetic storage components 1 2 A and 
12B which are making the pair by each storage cell 12. Here, resistance RH was fixed, MR ratio of each storage 
cell 12 was changed by changing resistance RL, and each output voltage was measured. 
[0150] 

Drawing 24 expresses the measurement result and the output voltage value which standardized the axis of 
abscissa(%) by MR ratio, and standardized the axis of ordinate with supply voltage Vcc is shown. In this 
drawing, the output voltage value from magnetic storage component 12A (12B) of the direction where the white 
round head took resistance RH, and x mark are carrying out the table of the output voltage value from magnetic 
storage component 12B (12A) of the direction which took resistance RL, respectively. Moreover, measured 
value is contracted with the continuous line and a dotted line is an offset reference value by the constant current 
effectiveness over the electrical potential difference of each resistance RH and RL. 
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[0151] 

From the result of a graphic display, by the readout circuitry of the gestalt of operation, the output voltage from 
a resistance RL side and the output voltage from a resistance RH side can grasp the inclination which carries out 
asymptotic mutually as MR ratio becomes small. That is, when MR ratio varies every storage cell 12, it turns 
out that the effect appears in a voltage output in such a form. The output voltage by the side of resistance RL 
and the output voltage by the side of resistance RH have still fallen within the respectively fixed range on both 
sides of the reference value. In this case, if there is about 15% or more of MR ratios, even if both difference will 
compare with the case where come out enough as an output and a current regulator circuit is not prepared by the 
same circuitry from a certain thing, possibility that a reading error will arise has decreased. 
[0152] 

Moreover, although it is being able to say to the general circuit of such a configuration, since each current 
which flows the magnetic storage components 12A and 12B always has equal total, it always takes the 
symmetrical value centering on the value of the one half of total up and down according to the ratio of the 
component resistance at that time. The offset reference value shown in drawing 24 by the dotted line changes 
this very value into an electrical potential difference, and the location is eternal unless total of a current is 
changed. Then, if the voltage level used as the threshold at the time of carrying out a differential amplifier by 
sense amplifier 1 06B is made to agree in this offset reference value, the voltage output of a proper value will be 
obtained from sense amplifier 106B. This is also the effectiveness of having added the current regulator circuit. 
[0153] 

In addition, this invention is not limited to the gestalt and example of the above-mentioned implementation, but 
various deformation implementation is possible for it. For example, with the gestalt of the above-mentioned 
implementation, although the bipolar transistor was used for switching elements, such as sense amplifier 106B, 
current regulator circuit 108B, and Transistors 22A and 22B, it can constitute from semiconductor devices, such 
as CMOS (Complementary MOS), besides this. 
[0154] 

In addition, the magnetic memory device of this invention is not limited to the gestalt of the above-mentioned 
implementation of the method of its writing/read-out that what is necessary is just what memorizes 1 unit 
information using two of the magneto-resistive effect components equipped with the annular magnetic layer. 
For example, two magneto-resistive effect components are made to memorize the same information, and in an 
all seems well, read-out is performed only from one component, and when a read-out error occurs, read-out can 
be performed from the component of another side. Thus, since two per 1 unit information can be used, 
compared with the case where the magnetic memory device of this invention makes 1 unit information 
correspond to one element, the degree of freedom of an applicable write-in approach and the read-out approach 
is high. 
[0155] 

As mentioned above, although the gestalt of the above-mentioned implementation explained the magnetic 
memory device 1 2 as what is a TMR component as a magneto-resistive effect component containing the layered 
product to which a current flows in the direction vertical to a laminating side, this may be replaced with a CPP- 
GMR component. 
[0156] 

Moreover, about the current regulator circuit of this invention, especially component structure of the magneto- 
resistive effect component of the couple which constitutes a storage cell cannot be limited, but it can apply to 
the magnetic memory device which performs the so-called differential read-out widely. That is, the magneto- 
resistive effect component of a couple does not need to be the same as that of the configuration of the magnetic 
memory device 12 explained with the gestalt of operation, for example, does not have the annular magnetic 
layer 5, but the 2nd magnetic layer 3 which is the 1st magnetic layer 1, non-magnetic layer 2, and 
magnetosensitive layer is contained, the lead wire for read-out sensing is connected to the layered product 
which carried out the laminating, and it may have composition which passes a current at right angles to a 
laminating side, and reads information. Furthermore, you may be the magneto-resistive effect component (CIP 
(Current flows In the Plane)-GMR) in which the magneto-resistive effect component of a couple contains the 
layered product to which a current flows in the direction parallel to a laminating side. Especially besides two or 
more storage cells being connected to the read-out line (2nd read-out line) of one direction, a write-in line and a 
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read-out line are not limited about wiring structure. Also in such a case, the current regulator circuit of this 

invention can demonstrate the same operation as the gestalt of operation, and effectiveness. 

[0157] 

Moreover, although the sense bit lines 21 A and 21 B were made equivalent to the 1st read-out line of a couple 
and the sense word line 31 was made equivalent to the 2nd read-out line with the gestalt of the above-mentioned 
implementation, the wiring direction of the 1st of this invention and the 2nd read-out line is not limited to the 
gestalt of operation, but is good also as response relation between the above and reverse. 
[0158] 

[Effect of the Invention] 

As explained above, according to the magnetic memory device of this invention, two or more 1 st write-in lines, 
Two or more 2nd write-in lines prolonged so that two or more 1st write-in lines may be intersected, 
respectively, The layered product constituted so that a current might flow in the direction vertical to a 
laminating side including the magnetosensitive layer from which the magnetization direction changes by the 
external magnetic field, It has two or more magneto-resistive effect components containing the annular 
magnetic layer constituted so that it might pierce by the 1st and 2nd write-in lines, while being arranged so that 
the direction which met the laminating side at one field side of this layered product may be made into shaft 
orientations. Since one storage cell was constituted including the magneto-resistive effect component of a 
couple, magnetization of a magnetosensitive layer can be efficiently reversed according to an operation of an 
annular magnetic layer in the case of writing. And since 1 unit information is memorized using two magneto- 
resistive effect components, while information writing can be ensured [ efficiently and ], it can read with an 
informational write-in method, and a degree of freedom can be given to a method. 
[0159] 

Especially, the offset component contained in the output value for every noise which the differential output of 
the read-out current will be carried out, and will be made on the 1 st read-out line of each if a read-out current is 
supplied respectively and information is read from a storage cell based on the difference of the read-out current 
value of this couple and magneto-resistive effect component of the magneto-resistive effect component of a 
couple is removed from each of the 1 st read-out line of a couple. Therefore, it not only excels in write-in 
effectiveness, but the S/N ratio at the time of read-out is high, and it becomes possible to obtain a bigger signal 
output. 
[0160] 

Moreover, if it has the 2nd read-out line which leads the read-out current which flowed the rectifying device 
formed on the current path of the read-out current supplied to the magneto-resistive effect component of a 
couple, and the magneto-resistive effect component of a couple to touch-down, it will be prevented from other 
storage cells connected to the 2nd common read-out line by the rectifying device toward each storage cell for 
read-out that a current turns, therefore, a part of read-out current ~ it becomes possible to be able to prevent 
straying off the path of normal, carrying out leakage appearance or turning, to carry out reading appearance, and 
to raise the S/N ratio of a signal output of a component. 
[0161] 

If the rectifying device is formed, respectively on each current path of the read-out current especially supplied 
to the magneto-resistive effect component of a couple, a current flowing backwards from other storage cells or 
magneto-resistive effect components which are connected to the 2nd common read-out line between each 
storage cell or among magneto-resistive effect components, or passing even on the 1 st read-out line further will 
be prevented by the rectifying device. Therefore, the leakage of a read-out current and a surroundings lump can 
be prevented much more effectively, and it becomes possible to raise the S/N ratio of a read-out signal output. 
[0162] 

Moreover, whenever it has the current regulator circuit which has the current convention function to specify the 
total of a read-out current which flows the magneto-resistive effect component of the couple in one storage cell, 
as for a read-out current, total will be controlled so that only a constant rate flows. Namely, dispersion in each 
output value of the magneto-resistive effect component of a couple is stored within fixed limits to resistance 
dispersion between magneto-resistive effect components by the total current value which flows to a storage cell 
being standardized by constant value. Therefore, it becomes possible to become possible to obtain the stable 
differential output, to read, even if it is a case with a feeble read-out current, and to raise the S/N ratio of a 
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signal output also of the difference of an output value from taking the value of fixed within the limits. 
[0163] 

Furthermore, if the accumulation arrangement of the 2nd solid state switch of a couple, the resistor for current 
potential conversion of a couple, and the sense amplifier circuit is made to be carried out into the same field, 
environmental temperature becomes almost equal by each of the component used as a pair approaching and 
being arranged, it is prevented that mutual weighted solidity is widely different with the temperature change 
under actuation, and performing differential operation with these proper circuits is secured. Therefore, it 
becomes possible to prevent generating of a signal noise. 
[0164] 

According to the write-in approach of the magnetic memory device concerning this invention, two or more 1 st 
write-in lines, Two or more 2nd write-in lines prolonged so that two or more 1st write-in lines may be 
intersected, respectively, The layered product constituted so that a current might flow in the direction vertical to 
a laminating side including the magnetosensitive layer from which the magnetization direction changes by the 
external magnetic field, In the magnetic memory device equipped with two or more magneto-resistive effect 
components containing the annular magnetic layer constituted so that it might pierce with two or more lead 
wire, while being arranged so that the direction which met the laminating side at one field side of a layered 
product may be made into shaft orientations By the field which produces the both sides of the 1st [ which 
constitutes one storage cell so that the magneto-resistive effect component of a couple may be included, and 
pierces through an annular magnetic layer ], and 2nd write-in lines according to the flowing current Since 
information was written in the storage cell by making it change so that the magnetization direction of the 
magnetosensitive layer in each of the magneto-resistive effect component of a couple may turn to anti-parallel 
mutually In the magneto-resistive effect component of a couple, binary information is written in by changing 
the magnetization direction of a magnetosensitive layer to whether they are anti-parallel, i.e., whether to be 
facing each other and the reverse sense, mutually. Therefore, since this write-in actuation is performed in the 
magneto-resistive effect component containing an annular magnetic layer, efficiently, it can attain the writing of 
positive information and can give a degree of freedom simultaneously to informational write-in method and 
read-out method. Moreover., since the information written in with the application of this approach is written in 
certainly, it is possible for a S/N ratio to acquire a higher output signal at the time of the read-out. 
[0165] 

According to the approach to read the magnetic memory device concerning this invention, furthermore, two or 
more 1 st write-in lines, Two or more 2nd write-in lines prolonged so that two or more 1 st write-in lines may be 
intersected, respectively, The layered product constituted so that a current might flow in the direction vertical to 
a laminating side including the magnetosensitive layer from which the magnetization direction changes by the 
external magnetic field, In the magnetic memory device equipped with two or more magneto-resistive effect 
components containing the annular magnetic layer constituted so that it might pierce with two or more lead 
wire, while being arranged so that the direction which met the laminating side at one field side of a layered 
product may be made into shaft orientations Since the information on a storage cell was read based on the 
current which constitutes one storage cell so that the magneto-resistive effect component of a couple may be 
included, supplies a read-out current in the direction vertical to the laminating side of each layered product at 
the magneto-resistive effect component of a couple, and flows to a layered product It uses that the current 
values at the time of passing a current perpendicularly at these stratification planes differ according to the 
relative magnetization direction of the magnetosensitive layer of the magneto-resistive effect component which 
makes a pair. From the value of the read-out current passed into the layered product part of a magneto-resistive 
effect component, reading appearance of the predetermined information memorized as a magnetization 
direction of a magnetosensitive layer is carried out. Therefore, it is possible to have a high read-out degree of 
freedom. 
[0166] 

According to another magnetic memory device concerning this invention, two or more 1 st write-in lines, Two 
or more 2nd write-in lines prolonged so that two or more 1st write-in lines may be intersected, respectively, It 
has two or more magneto-resistive effect components which have the magnetosensitive layer from which the 
magnetization direction changes with external magnetic fields, respectively. The read-out line of the couple for 
constituting so that one storage cell may contain the magneto-resistive effect component of a couple, and 
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supplying a read-out current to the magneto-resistive effect component of the couple of a storage cell, 
respectively, The read-out circuit which reads information from a storage cell based on the difference of the 
value of the read-out current of the couple supplied to the magneto-resistive effect component of a couple from 
the read-out line of a couple, respectively, Since it had the current regulator circuit which has the current 
convention function to specify the total of a read-out current which flows the magneto-resistive effect 
component of the couple in one storage cell Each storage cell consists of magneto-resistive effect components 
of a couple, and reading appearance of the information is carried out based on the difference of the read-out 
current of the couple which flows the magneto-resistive effect component which makes a pair. Dispersion in the 
read-out current which originates in resistance dispersion between magneto-resistive effect components by the 
total of a read-out current which flows the magneto-resistive effect component of a couple by the current 
regulator circuit being specified in that case is stored within fixed limits. The stable differential output can be 
obtained by this and it becomes possible to raise the S/N ratio of a read-out signal output. 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the magnetic whole memory device configuration concerning the 
gestalt of 1 operation of this invention. 

[Drawing 2] It is drawing showing the storage cell and the configuration of a readout circuitry of the magnetic 
memory device shown in drawing 1 . 

[Drawing 3] It is a circuit diagram for explaining the configuration of the whole sense amplifier among the 
readout circuitries shown in drawing 2 . 

[Drawing 4] It is a block diagram showing the situation of mounting of the circumference of the direction 
actuation circuit section of Y of the storage cell group shown in drawing 1 . 

[Drawing 5] It is drawing showing the actual circuit arrangement of the direction actuation circuit section of Y 
shown in drawing 4 . 

[Drawing 6] It is the pattern plot plan of sense amplifier circuit area among the unit actuation circuits shown in 
drawing 5 . 

[Drawing 7] It is the sectional view showing the concrete configuration of the storage cell shown in drawing 1 . 
[Drawing 8] It is drawing showing the storage cell shown in drawing 1 and the wiring structure for writing of a 
magnetic memory device. 

[Drawing 9] It is drawing showing the equal circuit of the storage cell shown in drawing 7 . 

[Drawing 10] It is drawing for explaining the approach of the information storage in the storage cell shown in 

drawing 7 . 

[Drawing 11] It is drawing for explaining the information write-in approach in the storage cell shown in 
drawing 7 . 

[Drawing 12] It is drawing for explaining the read-out principle of operation from the storage cell in the 
magnetic memory device shown in drawing 1 . 

[Drawing 13] It is a circuit diagram for explaining the example of a comparison of a readout circuitry shown in 
drawing 2 . 

[Drawing 14] It is drawing showing the rectifying device concerning the modification of the diode for 
antisuckbacks in the readout circuitry shown in drawing 2 , and its arrangement. 
[Drawing 15] It is drawing showing the rectifying device concerning the modification of the diode for 
antisuckbacks in the readout circuitry shown in drawing 2 , and its arrangement. 

[Drawing 16] It is drawing showing arrangement concerning the modification of the diode for antisuckbacks in 
the readout circuitry shown in drawing 2 . 

[Drawing 17] It is drawing showing the rectifying device concerning the modification of the diode for 
antisuckbacks in the readout circuitry shown in drawing 2 , and its arrangement. 

[Drawing 18] It is drawing showing the rectifying device concerning the modification of the diode for 
antisuckbacks in the readout circuitry shown in drawing 2 , and its arrangement. 

[Drawing 19] It is drawing of the readout circuitry concerning the example of the magnetic memory device of 
this invention. 

[Drawing 20] It is drawing showing the relation of the bit decoding electrical potential difference and the 
amperometry value of point of measurement P1-P4 in the readout circuitry shown in drawing 19 . 
[Drawing 21] It is drawing showing the relation of the bit decoding electrical potential difference and the 
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amperometry value of point of measurement P1-P9 in the readout circuitry shown in drawing 19 . 

[Drawing 22] It is drawing showing the relation of the resistance fluctuation and output voltage of the storage 

cell unit of a magnetic storage component in the readout circuitry shown in drawing 19 . 

[Drawing 23] It is a representative circuit schematic for explaining the read-out circuit of the example of a 

comparison over the example shown in drawing 22 . 

[Drawing 24] It is drawing showing the relation between the resistance fluctuation between the magnetic 
storage components which make a pair in the readout circuitry shown in drawing 19 , and output voltage. 
[Description of Notations] 

1 — The 1st magnetic layer, 2 — A non-magnetic layer (tunnel barrier layer), 3 — The 2nd magnetic layer, 4 [ — 
The word line for a store, ] — A nonmagnetic conductive layer, 5 — An annular magnetic layer, 6a — The bit line 
for a store, 6b 7 [ — A substrate, 11/ — Lead wire for read-out sensing, ] — An insulating layer, 8 — A 
conductive layer, 9 - An epitaxial layer, 10 12 - A storage cell, 12 A, 12B — A magnetic storage component, 
13 A, 13B — Diode for antisuckbacks, 20 — A bit decoding line, 21 A, 21B — The bit decoding line for sense 
(sense bit line), 22A, 22B — A transistor, 23A, 23B — The resistor for current potential conversion, 30 — A 
WORD decoding line, 31 — The WORD decoding line for sense (sense word line), 32 [ — Sense amplifier input 
line, ] — Diode, 33 — A transistor, 34 ~ A current limiting resistor, 40A, 40B 41 A, 41B — A transistor, 42A, 
42B — Bias resistor, 43 [ — Sense amplifier output line, ] — Diode, 44 — A transistor, 45 — A resistor, 51 A, 5 IB 
63 A, 63B - The transistor for antisuckbacks, 73 A, 73B MOSFET for antisuckbacks, 80 - The direction unit 
read-out circuit of a bit, 101 — An address buffer, 102 — Data buffer, 102 A — An input buffer, 102B — An 
output buffer, 103 — Control logic section, 104 — A storage cell group, 105,107 — The address line, 106 — The 
direction actuation circuit section of Y, The direction address decoder of 106 A— Y, 106B — A sense amplifier, 
the direction current drive of 106 C— Y, 108 — The direction actuation circuit section of X, the direction address 
decoder of 108 A--X, 108B ~ Current regulator circuit, 108C — The direction current drive of X, 109 — A 
storage cell, 1 10,1 1 1 — The data bus for writing, 1 12 [ — An external data terminal, Xn / — (storage cell 12) A 
WORD train Yn / — (storage cell 12) A bit string, DUn / ~ Unit actuation circuit. ] — The data bus for read-out, 
1 13 — A control signal line, A0-A20 — An external address input terminal, D0-D7 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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c t mxiM i £ f= aw*^ 2 fct mcomm 

t^B-ttO&SCg^c&mifmcfett ^-MO^SISO- 
Jitfm 1 <D73ftfci8{fcLte^tfmjfBfil 1 O^fSjtSTtT. 30 

2 <Djjmicm.it? i sttB-w^ 
mm<o-jj tfmmm z <D*mm{tu&*tfwmm i 
<Di5mcm.it-? z <o-*m, ©t^-m^ty, mib 

fg 1 <fc fg 2 <Dttg8{cmLTMiei2«-fe;Mcfi}fB# 
IB'S^ft^ 

c t t •? « m&m 3 {cieieo sat^ * ^ y f* / w 

ct&mtt'rzmxm i fc^ u»ss« 4 ©vvfnfr i 
mfam<Dm&ic&^Timtm*)i'frzmm' i Wifrm 

$ni> 50 
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2 

ZLt *&&£■? %m&TM 5 fcEtt€)««^*y -r/W 
X 0 

MiSgifc^ e, ft fcSHffi*? k , 
i:5S<^2cDMtlii^t 

*«*rcck«:«f«i:f «»«*6fclB«©a«^*y • 

c t 7 ictmvmfz.* * y t>u 

-M<Dmms.msm.m7-t<Dmictn : enmf&tix^ 

c t t-rz mxm 8 ictm<DM%. ^^'Jf/u 
x„ 

[fS^l 0] 

buib-«©^ 2 oHfflatomiKtnfns^ eni^ 
c t * w « k -r 5 8 icmmvmm. ^tvf^w 

Xo 

[m^« l i 3 

Fx /W#-7h7V5^X?, SfciiMOS (M 
etal— Oxide — Semiconductor) 

ci:^#mi:-r§«^7^^L«^i oov-rn^ 
i *n:je«©KSt* * y v*^-r x Q 

C»*«l 2 3 

zwiMnffi<Dwm*Mj£?znffim&mmzit?zm j m 

1 1 ov^-rn*M ECtefBKosa&t^y r^wx, 
[m^ni 33 

cfc*i«Rk"f«»3sm 2fciB«co?s^^ ; ey^A^ 
x 0 

[flTOBl 4 3 
CM^i 53 
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3 

mm? s rcn><Dm 1 » t lt t^ig-r 5 

obuwhi 6] 

mam 8] 

Xo 

ssk* me— »©ji!io»Ba*c:i:teaaw-6n, en 

«JOLT««-rs-fe>^7>^|HIIS*fll*v 

tm-n<D^ 2 <D*mw^ v * s mis-** ©*»e«ee 
x e 

[W^H 2 1 ] 

*»o»io»5iaik, 

%m.m.<D'%2(Dm)mh, 



(3) 9#Bg2 0 0 4 - 1 1 96 38 

4 

flfcESM#©-?j©M{i0£fJE1BMffite&o 

*«*fc««**y7W;*fc#LTfliM*«*&tr£ 
io u 

K«-fe;Wc1IWB*»*5Mr 
[M«9I2 3] 

IB 2 ©«&»te .fcoTlKf'n* <£ -3 nfcWttSS 
[BUR* 2 5] 

6tt^(c<toTisft73io]^{t-ri.^^» ; & ; en^tiW-r 

50 *o*fflWK*ttlW*fc*©— 



5 

«B*ftto«T«j«atifccfc*»«l: 2 5 

[0 0 0 1] 

iftw<Dm?z>&ffift$n 

[0 0 0 2] 
[&*<D&ffi] 

^aSHfCffl^&n-SiFlffl^^U tLT. DRAM (D 
ynamic Random Access Memo 
ry), SRAM (Static R AM) ft 

77»r>aEEPROM J f 1 

*B«llo»a[sMfa*iJ:tf]WtllBfkk:fl»«/\ ^oT-feM 

So 

[0 0 0 3] 

^«tt**y©ira{fcfc*j»WK«fci/r, mram 

(Magnetic Random Access M 
emory) #£l5tlTV>%. M R AMIi, Vh'JW 

it, roj , nj ©2«uwaic»a«*T, «?oai 



#582 0 0 4 - 1 1 9 6 3 8 
6 

-TSCtfrfe, MR AMtHis £5£Lfc«£&#/R# 
[0 0 0 4] 

(GMR:Giant magneto— resist 
ive) %f!lfflL/'ct>07?feS<, GMRttt 2 0<0l 

SSIiiT'&So GMRi?5:ffl^ftMR AM («&. G 
MR -MR AMfcBSIE) £: Ltti> tfWWXlR 1 fc 

[0 0 0 5] 

GMR-MRAMIC(i, Sl^if (Pseudo S 
pin V a 1 v el) fc> S^WTXS (Spin 

ValveS) £tf£-3o Pseudo Spin 
Valvel<DMRAMtt v G M R M^tf 2 ■OOSIft 

n, 2 0<D^14SO«BS7jOM ; &fJfflbTltl80»^ 
ji»/R*ajL«:fT-5 *>OT?«5o Sfc> Spin V 
a 1 veS«9MRAM«> 2 0<D3£Sft£Jia\ l&fbTjft 

septet?}. asfb^fijeuTHjesn*. ^n^n© 

SiOGMRJR^oattXffc***. (N i Fe/Cu/C 
o) cDjaii^jt^i:^ P s e u d o Spin Val 
vel<0ift'til?)6~8%s (PtMn/CoFe/ 
Cu/CoFe.) <D9IiMi:§ S p i n V a 1 v e 

[0 0 0 6] 

*<DjGU 3S8KtthV^;W»« (TMR : T u n n e l i 
ng magneto — resistive) ^fUffl L 
fcMRAM TMR-MR AMfcBSIH) XHt, & 

5a£{b**«afc:**<"3-S So TMRc 

j&iSS^-r^fe^saM) fc*3<^-r. svoaaift^risii© 
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7 

i:45„ TMRm?<DmftmtLXlt. CoFe/Al 
oxide /CoF eO«i«a3W9l6n*^ ^© 
KSBEffcSUi 4 0 %tt±»ctR*o 
[0 0 0 7] 

Sfc, TMR*?<DaKti5e^fc«)fc, Mosstssa 
»h7>5?W (MOSFET:Metal Ox id 
e Semiconductor Field Eff 
ect Transistor)4fc*0*H*fW 

t m&&t>-£rcm-&<D ^yfy yam 9 ^ 4: * nt <# ^ 

So feLt©flJ£fr&* TMR-MR AM(t GMR-M iO 

***&ft©fa±* , »lf***VEVSo TMR-MR AM 
tLTti, »lfcfclR2. W«FXK3fc|JBw«nfcSc*B* 

CO 0 0 8] 

TMR-MRAMfti, If $8©#£&#k:o<, m 

mmrmmz*. r> xmm-r^mmmn^mm l xm& 

fflLfc-^TWu JftJMlcftU S®fcglS^[6]t«gfl 

«*tt*«a6tiTv»a. c:©*§£\ 33s8i±g|g©*§*ffcj 

CO 0 0 9] 

&*<D T M R ^TFtc^fJS^-^TBdB-r i> t©^ x-^^® 
tt, MOSFET, FET«y-h-HW>P^S^ 
If S^g y r-*-£V*- FWfflV^n*. Sfc, ft? 

Co o 1 o] 

l^ttWLT^SOtt, ^©TMRfg^CfcfLTMS? 

j!p6ig?)5&trjaaiiiHfo»tefeas*'r*fcx tmM)\><o 
Coo 1 1] 

^©/ctfx R#ffiLffl;rj©S/NJfc*|«0±-r'<<, TM 
R-MRAMOW fail-XT© * 3 
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8 

CO 0 1 2] 

«t<ffli/->e>tt-5©«. SfflftLfc— OOE*-fe;VOtH*« 
ffiV^r#Sg«£EV r e f fcJttfcU f<Oi#lEV s i 
g^MKlti^-rS^ST'feSo S»««®B«*4, S&l 

jev r e f ®^niKi±^5— tfr^mwrnttft^ 
rc®v&icii-3x$mzti> c<om^tmm.^vt<omx 

CO 0 1 3] 

iin^tSiOtLm l^cDTMR^tCj;-:. 
JEllOttfltfWfc ffe73©ill?T*«Wl©83{t:tf5WC 

Co 0 1 4] 

j:9*{*WK:ff9j5*-rsa6tf, W ffFXM 4 5 
TMRifl?t:g?2©TMRfit?li> ttlfno-fliiC- 

«R?ics«tan*. ««©R#aLt±, ^1©^-* 
cneasi. ^2©x-^i®t©p^ic«uiM'&-§-^> as 

CO 0 1 5] 

C^fFXitK l ] 

5 3 4 3 4 2 2 ^« 

C#fF^M2] 
*B<NFf!Fg!5 6 2 9 9 2 2^f&$8 

C9tffF3fcitK3] 
#S¥9-9 1 9 4 9*§&$B 

<&ffl2 001-236781 #^$S 

C#fFXM5] 
#BI2 001-26656 7#&f6 

BMWfcfciR l ] 

ISSCC 2000 Digest paper T 
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A7. 2 
[0 0 16] 

»*a"rTMRSR?IIB©aSttfflO*f 6o*«<ia«li:«:o 
Tl/^fco TMRIR?te«±HityD-feXT?*C«fiSltf5 

fcfcoTVfco 
[00 17] 

*tSte7j£**H«* 1 5 C t HMtbTM LV"» fcV» S IHBH 
[0 0 18] 

^5f5CDMR AMfcfe^Tti fg^tU L«^<D S/N 
[0 0 19] 

£Lk»T*feJ:*li:« TMR-MR AMOR*ffl 
[0 0 2 0] 

mt, s/Kit&m^wtfrmhmmiitizmzcttf^ 
m*Mfs.* * y f'Hx^itfig^ * y f/w xcs 

Mtftc, s/NJt^Wt>1WHBS*aL*RrfiBi: 

So 

[0 0 2 1] 

©sb i *g&©sB i c5«i»fc*n j enxs 
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10 

o T8B{fc7j IS] jWWW «£BfS*3-2tfIS9 teS* 

#<d— j5<D&wicmMfticft? rcfjfaitWj i&jk-r s «fc 
5 te sb^: s n s t mc m i & & xsm 2 <dw&jr\c * •=> t 

[0022] 

c c t% wm&m it. mis* xsw, 2 ©•&n»c8f[ 
mm tit. 4>&< ktrt»*Rjkbfc!B 1 is&xfm 

<fc^©te$8ilT*;fe£o r$j&^[pjj fcte, <I©3ltf8£14Jf 

rae#©— 7j©®w^ •••Eis^nj ti±, ssttfiSte 

[0 0 2 3] 
[0 0 2 4] 

(c«ty. 8W{*©!BWffi»5:Sia**lRl»cSKti*««E*^ 
[0 0 2 5] 

^ ccSSM^^y-r/VXti, ^S3E14S^m< 
40 SB 1 feJ: tf* 2 <D«2J»035Wr*«Ens Wftte <£ 5 ^"f 

*-fe;wcnMH}bnEti*n* toT-ssiitWo: lv^o 
^fgB^tc^^s ^eai^t75•|pJ* , sv^^cs I l I ^TJ k«\ 5i/-> 

50 SJj k»±, HttteBBR?« ; eU7 , /WX'\oxaA«#te 
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11 

$5^T Toj , r i j fe*i/''ttWKffl[ J f>«BE«»cJ:* 

rHighj, rLowj m-em-znz2mmm*^ 

[0 0 2 6] 
CO 0 2 7] 

©*aw©-#tfS£ i ©^isateawtLffi^tfas 1 ©aria 
n<omm<o-^m 2 iD^izmit^m^m 1 ©75- 

tff&2©^Ctt]EbTEM*;WCli|gtfE®Sna<fc 
i)\ E#fa*tefc«fr© 2 cftfc2«flW8 

[0 0 2 8] 

*«mi©ai 1 ©tijiSiteffsatst^^u tW*^ ? 5 

«tt*B»»«?lcBHa««*«IW*— »o» 1 ©RfcB 

©afcc^yfvw^tcfc^T rmutistiA tit. 'piz 
< t tatHtc&Rs nfctt»%» u n»ic 

[0 0 2 9] 
[0 0 3 0] 

nWSR3MHb»«:o^T«* — »©JBl©RtH»©S*fr 

c ©Htf©Ramffi«©M#{cS^TE«*;l/fr 618 
S*R#ttrt-J:3*c"r;5©* < JffSbv\, c©;£iK&c<fcft 
tfv RWW«E»iffl»aasnsfti6, ^l©RffliiSS^ 
te£US*l*-f>. ^g^SsSt?^©^*^^ 

[0 0 3 1] 

Sft, *«W<0SB 1 ©MAlcfll«8&K;t*U tWT. 
*T*8WifclttH«««Wfi^k« < a 2 ©RfcH^i: * 

»4, wt*-*rtnco*aai««» ^[^©^©aii 
*iBitf *j*f*v>5o sft* r«sBgg§j igta 

«ftflWfi(fiSQ»JiyRTic»E^'r« ftfclcft if 0 . 
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12 

mfsa&u.. ±xz*>wmx±-v* tmtsfa cm 2 
©rushm) fcb*»«aE*aj**^-»SEWffffl**bT«/> 

3 0 C©S8SBl5 : yteJ:*K R#HJbW*<0*IB1t-fe;Hc 

iaw»t>T» #a©iB2©RU*fct8R2fnT^*fl&©E 

[00 3 2], 

*«*ti* WWt&ftTV* <fc 3 tc-T 3 C k*'»S bV. 

*©»&* R*ffib»*©ratt-fc;vrtfcfew-s-*©« 

1 ©Htttttk-WoiKftfiiasaJiaR^k 
©Hic*ft^n&tt<=>nT^T •'U — w©satMS 

SBft**? i: -»©JS 2 ©RW^i: olRKc^n^tURit 
$ft«Mos h^y^^WKcffl^p.nSo 

[00 3 3] 

sb^o cmicio, Rumss«, ^t^ottia 

E*-b;i/rt-e»*a^-awta*a6*iR ; ?ra±*ft«: 
Ett-t^fflsoastaja&jRiR^ia-ptt. »ijt«tetf & 

RKtett****. cnfcwu ±E«o«fe5te»e*fflbiHitt 

jo ttfk«nftttffi«aE*iUW«J:5fc'r«ci:-p, 8&M&*ri 

«s©fi*t<it © tf & o * t set s a* wan 

[0 0 3 4] 

yxftfBfflbTWjffriCfc^T*, m-Ki:h7 

40 Ti^ct^^o ^ft> fenffimmt. wx.tt& 
2 ©Rtb«s tmt&tco micmm-t st4K 

[0 0 3 5] 

{cfev^Tfi, — »o* 1 ©RHJ*a©=&>«? bW&tol&te 

B%WK4:ir>b«EcDWMiT%t)x I«^*'Jf;W 
X©F f 3g|5«M^^>'^*'S-r3 0 CO-»©*SS«Ea£ 

50 a^flxuasnso co«R«ES»fflasiai»4, ^ 
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[0 0 3 6] 

fcut, -Mom i ©Rtaaicri: fcsw- en 
e>ofg i ©Rffitt*imn«ttmw«©g*WESii: lt 

[0 0 3 7] 

*^c*ct««i»ii:*n«. cn?>o-*t©sg2 
wit, jijE*a»ffl*«EE«A<#6ns«kd»«:a 

5. &*3s rfctfft&j HIES 

[0 0 3 8] 

STIt^IrK «fc v fcSSffcS-SS CticJ: DIS1air;Wc1f 
[0 0 3 9] 

iitja^ 2ttiMw*e&gn«. Mt^sm^g 
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[0 0 4 0] 

[0 0 4 1 ] 

io w^mksmw-ttvsmMvmms&mittjiPiK. 

1WBJWK*ttl«n*. 
[0 0 4 2] 

U CO— W©WW*dMi©M^K»-5^TlBttHr;l/0 
[0 0 4 3] 

©1 1 ©Si**®*:, M©^ l ©Si&Sfc^lVfftSEli 

i T«ifl3SriRi*iwftr * asm n * nw-r s «*&© 

«$^n3»*ilKP 1 oOfStg-fe^-Mom 

fc, -MoRffiia*^-Mom^ffiiajam^?(c^n^* 

-fe;l/fr5«$8*R#ai"rRfcHlsIE&fc, 1 OOKttHr^K 
*3 t* 5 -»©«ft»iaJ»*iR?*»tn * RtB«Jit©Sgfn 

[0 0 4 4] 

cog2 ofiBK^t'j f/W^tit SHEtt-fert'tf— ** 
fl8KS*frtrWHflcO— *©ffi«te!B l <DWimb%i 2 



-8- 



15 

[0 0 4 5] 
[0 0 4 6] 

3MRAMt'fet), 7 Kl/XM-y7 7 10 1, £/S 
777 10 2, *JWn$?y ?gpi 0 3 , E1t-fe;I/W 1 0 
4, YftfflflKttllBHffil 0 6, &£tfX:&ftSBMlslBffi 
1 0 8%±H*flMSBRfcl,T^So !l<E>»fcte, 8£M 

ttttrMBM o 4tfiB^2n, JBHOto-f^*ffi«*i:KBtt 
IsIS&gP 1 0 6, 1 08 ^©Elg^ft^BBiiatf^Snfc 

[0 0 4 7] 

IB*-fe;l/» 10 414, ^ftfcLT? h l> *X*«J3W* 
<fcd, £»©Ktt-t;H 2 #»7— KIRfflfll (X73(ql) , 

S5tt-fe;l/ 1 2 14, f*-**ffi1t-j-««/hJjlffiTl5 t> , 

r i j , roj ©ey h?*— ^«*iait«n*J:dteft-3 

TV*„ fcfc, CCTH4, KtofeA'W 1 0 4 fc*»tSI3 
«t;H 2 0«5IJ*7-K5»lXn, £fr*ev h^rJY n 

CO 0 4 8] 

Y#|flfflH»|§lBai5l 0 6tt, 

0 6 A, K^tHLOfcii)<D-fe>'X7>'7 p l 0 6 B, St? 
ii»©fci60Y*lfiI*l/VhH^^l 0 6C^5ifiE 
£tx, #^«WE1t"fe;l« l 0 4fc»U K*-fert/i 2<0 
fcT-y^JYn (Yl. Y2, •••) cTfcKSSRSftT^ 

So 

CO 0 4 9] 

08A, R#fflL©fefc©£*8f[0Rl 0 8 B. 
JfcOlfcfcOXjSrGiai/Vh F^-f7*l 0 8C^?.MJ 
tu «"*««IB«-fe;l/Wl 0 4(c»t, fBtt-b^l 2 coy 
-FWXn (XI, X2, •••) ETtfc8R«nn^. 
LfcA^pT, 0IRJ4", feS— P©iStS-fe;H 214, 0^ 
Lfci^fC, X^7K1/Xf3-^10 8A, Y^TlfiH 
7Hl/Xf3-^l 0 6 A^A^ftSy-FTarSjifc 
*tf»£y h*|Sl07KU^ (Xn, Yn) te«fct>T— * 

CO 0 5 0] 

7 FU*/<y 77 1 0 Hi, tt»7 FU7AM?A 0 
~A2 0%ffiK%kPilC. TFUXUl 0 5, 1 0 7?: 
fl"LT Y7aInJ7 F UXf^-^ 1 0 6 A, X-fifaTFls 
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i<5 

7>rn-^l 0 8 A(Cg!^?nTV^„ C07H1/XM 
77710 1 fi, iWP7 KWXXJJSS?A 0~A 2 Ofr 
6ffittfe/l/ 1 2 ^rS^-T 3 fci6<Da3R«^£l& t> 
F*3SB^7 7rJiifiSfc43l'>T7 h'l/Xfa-^l 0 6 
A , 1 0 8 A T*«&ttS l^l/S l?tgi(fr 3 flMg&fT 
U^S. i*«Lfc»KfflM§*\ E*-t;l/l 2© 

*7-PW#lfc (X#fi) . hMsGflfc (Y7a(Rl) ©2 
"3©»K«#fc$H*> 7 HWf^-^ 1 0 6 A. 10 
8 A^n^nfcATJ-rai'McfroTv^o ftfe, 18 
J0 A^«U TvWXtftett-fe^P l 0 4 ^MtLti/^ 
7KUX^7 7 7 l o i fete, ttft©ffi«-b;Hf 
10 4*^1 OCEt-fe/MS 1 0 4 ZMtRTZtztbCDT 

CO 0 5 1] 

f-^777l 02&4, WSPfc-rVi ? £>l> , r— 
O^OffiO^ff^ fci6©^gP-r- £fi»? D 0 ~ D 7 

*JBnJ?y*»l 0 3tffl»f^Sl 1 3 
t4 0«l?tlTl^o f-^777 10 2ii, A 77 
M-y77 1 0 2 AfcitftttTJ^'^r 1 0 2 Bfr£>& 
20 »3, ^n^n, ^Jfflla^-y^gPl 0 33b^O^J®<l#fC 
ioTBfttii^ta^WS. A^M7 77 102 
«£ii*ffl-r-*><* 110, 111 ^LT^n 
ZWftfafJl'l'Y Y^^fl 0 6 C, X7jfRl;*jU'Vh 
K5^7*l 0 8 Cte»««tlTfeDx SfTii&BS 
{C^gPx— ^ffifD0~D 7^e > T r -^«-^^»3ii 

SlEW/l'ST-iilU Sl/yhK^loeC, 

1 0 8c*n^nK:ffla-*-*«ttB**ri/rv>So hwj>* 

777l02B(i, g»tULfflf-^U 1 1 2%/M, 

30 t-fe>x7>7i o 6 BtesansnrfeOx 

X7V71 0 6B«fct)A73$nS^abr-^<l-^ 
•d^ve-^V7.T*ngP7-^^?D0~D7(cm 

CO 0 5 2] 

*Jffllns>y*»l 0 3(4, AAB?CS, AASfWE 
£<Ix., f-^^7 7 7 1 0 2fC*J®lfi#^l 1 3 T}g 
tt*ftTVS. MWns>y*ttl 0 314, K«-fe;l« 1 
0 4teStrS»f^»!lW*fT^feO"P*?»> AAflffCS 
40 fr£t4, Bat^^^-y-r/WX©S^ji*/0E*ttlL»^ 
J&7^7-<-7'^-ri.^S^c0fi-^ (^•vT'-tel'i' h ; C 
S) #A*j£n3o Sfc, A*iTWE*»6ti, 

^ h-r*— 7*;i/ ; we) #Arj£n£o coSJfflin^y 
*gGl0 3&4, A77^?CS, A*iS?WEJ:?>3lt>j& 

A/cffl^mE*, rtw v 7 r mm&iz & *) wm^^ 

10 6, l 0 8 fc T&WXWS. Tififi-T 5 fllffi 

CO 0 5 3] 

50 aR»ab@Ko*j«D 
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[0 0 5 4] 

<D«fiK0T'fe5o COR*tHL®»3Rtts Ettfe;M 2 
1 »©««E**? 1 2 A, 12 Bfr&ttSSnJtfff 
ST*fe5o ccm «Kttfe;H 2<Dffi$8Sg&ttiL 

««e«*?i 2 a. 1 2 Bf-n^ntcai-r-fevs/ 

(-fe^Xtf-y h«S2 1 A, 2 1 BfrSBSaOEtt 
if 12A, 12 B^n^nfcWEXU «!OtVX-7 
-F»3 1 fc«ttB"r*«HD ©SSNtfcffirtfcLTfTS 

[0 0 5 5] 

HHtefcl^T* aS*-fe;l/»l 0 4<Dlf<y h?lJYniTt<D 

SB1S-fe;M 2 fc, •fey^y/i o 6 B%-g-tyfS»fflb 

>y h;£pWfitSutHls]g§8 0 (-. 8 On, 8 0n+l. 

f*o K» h^fpJ#&KttllHj^8 0 (•••, 8 On. 8 0 
n+1, •••) Y77(p17HU'Xx3-^1 0 6 

Atce-y hxn— K^2 0 (-, 2 On, 2 0 n+1, 
• 0 *^LTSSR*n» Ui^7 7 7 1 0 2 BtcR^ffi 

WHfcJ±^-^«»SD-fx e v h#lMMjM*UlHlK8 

fiS^TVSo EH-fe^SM 0 4 tcO^T&lBjiaiT-. tf>y 
hylJYn, Y n+ 1 <0 2?iJ-e«S?-^Tt/^ 0 
[0 0 5 6] 

&!EH-fe;l/ 1 2 ©OfctKtt*? 1 2 A , 1 2 B »±, G M 
C T-«, t L- TBS(MIB«^f 1 2 A , 12Btf 

[0 0 5 7] 

ia«-fe;i/» i o 4 te»^ XTSrfafcEEisns-fevxffl? 

- F T3 - KiSS 3 1 (K'fe tVX7-K»fc Rgffc) 
i:. Y73(^{cia5>J^n5 1 *f<9-trVXffll£-y hx3- K 
S2 1A, 2 1 B Cfcttft. -irVXtf-y h*Si:B&ffr) t(c 

iD^hy^nJoawwnT^. ffl*<z>Ett-te 
;H 2tt, cft&flD&MffiBfcERStu 
kT-y h^2 1 A, 2 1 BfcMJ»]»«3nT^SK«-fe;b 
1 2tfti>y hy""JY n%#§j£U J6i©tyX!7-K*3 

FWXn**lSbTV»*. 
[0 0 5 8] 

1 ooKttt-fert' l 2 T*ti, 1 Wofiat^lBH^f 1 2 A , 
flKWSttHR? 1 2 B^ft^ftO-tttf-feVXtfy h^2 

1 A, 2 1 Bte»«*tU Sfef-ft^ftOflMStt, 
©jgfiJE&iLffl^-l':*- K 1 3 A, 13 BOt-ft^tlfcrt* 
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MZOtiS&M&MJ- 1 2 A, 1 2 Bfctt-TS 

2 1 A, 2 1 BfcOiBBS^Sx »«W>6o»tJ:t 
^7-^3 1 t<Dtm&&T'(D®<Dm&tirZ, ft 
fe, Ctm -tr^XtT-y h^2 1 A, 2 1 B«**«W 

© r i »ojg i ofeaau tcftjsu *yx7-W3 

UVaf^SWO rgi2©RHi»J tc**JSLTVSe 
[0 0 5 9] 

70 -feVXe-y YW2 1 A, 2 1 Bt±, IH«-fe;H 2©e-y 
hylJYn (Yl, Y2, •••) £' tlC^ *f3r& L.TEfS2 

nxt/^o cin^o-fevxe-y 1^2 1 a. 2 1 bmu 

Elt-fe^Si 0 4 5rm<«fc5fc:Y;£iR]&c5£tiEU — (fttf 
«8Vc cteSSRSnTV*. tVXkf'vhS2 1 A, 

2 1 b<d — fQM (.wmv cci) ta±, ^en^n, as? 
«ff^fflssti§2 3 a, 2 3 b am fi*xii2 3 

A. 2 3 B) , 43<tT>*h7V^*X^ 2 2 A. 22B£D3 

If-y hylJY n*«J*r*«MfcOE1t-fe;l/ 1 2 It. 
20 nt^Uy HI2 1 Afctyxify hlH2 1 BOSS 

fcsa2nTv«o mfotiMcit, ststM 2tc^it« 

OaiElt*? 1 2 AO— flSStf-feVXlf >y h®2 1 AC8 

vtztu mmzm.m? 1 2 BoHwtyxen h*2 

1 Bfcg^Snt 
[0 0 6 0] 

^e.fz: N h7y^X^2 2A, 2 2BO^lKlt 

F**2(Hi, Y*|tiTFl/Xf3— ^1 06 AlC&mZ 
flT$5*), YSlSl7FWf3-^10 6AJ:v, •« 

hyij y n te»bT3»?Wteta**n*a«fli#*^** 

tl4i5tft?T^5. tftb5» e-y h-7 r n-KH2 
0 (•-, 2 On, 2 0 n+1, ■■•) tt, E1l-t;H2 0 
§^7 h^iJY ntC^LT»»6nT*D, Y7jIrI7 F 

tT-y h5<JYnfC3Mffi-r«tSffi«rWUT^So F7>^ 
*22A, 2 2 B&i, — ^2Cfi#X^-yf tL 

(lf-yffn-KI) te*&UTWfiB-r3»JB*«*.T^ 
40 So 

[0 0 6 1] 

3:33, Ify h7*=i-F»2 Ofc-feVXlfv h*R2 1 A, 

2 1 Bt±, C©J:3KHl^:3— F«flB**rLTV* 

*v mmimr?±. mmcmiznzo e-y 

hfn-HS2 0(iY*[fil7Kl/Xf3-y*l 06AJ; 
t)SS?-fe;i/ ; &ex.'i>ffi^T*fet), -tOffili "H i g 
h" , "Low" ©2fltt)7*5?*;Wi#"ea&S<Dfc:St 

tVXey h^2 1 A, 2 1 Btta«EflBR?l 2 
A, 1 2 BfcSKinii€r?»aWlilOtttfi*lWt"r*7-?- 
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[0 0 6 2] 

-tr^Xtr^ MK2 1 A, 2 1 BtSEKSnftfiR 
3§2 3 A, 2 3 BcD®®V c c btefc1$W<D%iii%$lCl3tt 
SISWjSfr&tt* -b^X7^7 P A*i|®4 0 A, 40B 

A*$S4 0A, 4 OB) tfSMJSntVSo S 
#1§§2 3A, 2 3 •feVXTV'y 1 0 6 

t>T, «l!SV c c^e.-tyXtT-v h*S2 3 A, 23B* 

A. 4 0 B«t5-fe>7.7>'7'l 0 6 BfC5¥< fcfetC|9S 
Sta3o g*X§§2 3 A, 2 3 B«U ®jgV c c <D 

g&fci&fc:, ffiJn§§2 3 A, 2 3 B T*A^*«m^T«r 
f»T, X*»4 0A, 4 0 BfcAft-f&mffiffi%T-£3 
fc^A#<-rStCt±. giaf§2 3A, 2 
^t<t3M^-So ioT> g£i§§2 3A, 2 3B 
It, 09*fcf 1 0 0 k QSflEOBv^gJfiffi^t-S C ttf 
I$L<, 4>&< tfe, ^IHtt*?l 2 A, 12 BCD 

[0 0 6 3] 

07- wmfaco&Wi) 

^y^—YW-Z KD^lzt,^ |S!C7— FfllXn (X 
l. X2, •••) lOSBStifcEflHwH 2A^««snT 

X7-KS3 1 tcOP^tC. HSS^?fcLT£05S*»itKr±ffl 
F 1 3 A, 13 B**E«S4T£V*o iMffiKrlt 
m?J*- F 1 3 A, 13 B KflWBtt*? 1 

2 a, i 2 B»c*fjsu *n j fnffl»i»c«t««nTi/'» 

1 3 A. 33<fctJ\ ttftMEttX? 1 2 B tjSftgft^ihffl^-Y 
*-Fl 3B(i> Ii/Hc|6iJnft»fe5. 
[0 0 6 4] 

Mffiffi±m#<<*- F 1 3«, -t^Xy-F^ lfrS 
SfiSMIHtS^? 1 2 A . 1 2 B fc««t**a»8irr SCtl: 

l»±ffl^>r*— Kl 3i:LT«, png^ 
*— F. ->a7h*-m-K, fcSVtt/Vfstf— 5 

• -^Vi'v'HV • r-^V^X* (B J T : B i p o 1 

ar Junction Transistor) <£>•"< 
-X-3 \s?2m*9S.1&LX#'f*- F i: Lrc&cD-f > 
MOS F ETcoy-h-FWVF^S^LT^^-- 

Fi: Lftt042«ffl^« C £tfT*£3 0 

[0 0 6 5] 

Sfc -bvxy-FSas i cojgiffiwai, b^v^x* 

3 3c03l^*-X~ -y^F^g^tu CCDr-^V^ 
X^33 cCK-<— XWcti, 7— FJIJX n fcfcfj£LT7— 

Ff3- F3S30 (•••, 30n, 30n+l, ■••) *<BH 
IS^nTV^o 7-K7*3-K»3 0tt, X2fGl7FU 



(11) Wm2 004-1 19638 

20 

Xf3-^10 8A(C^ntfeO« 
f3-^108AJ:D7- FMX n *a*W 
jWUj2;tt*fc#KU jfflKfi#*h5>S>**3 3©^ 

[0 0 6 6] 

r-^Vv'X* 3 3»i, ^-XXASnSfflil^Ott 

ce>y n-Kffl) Kfcvxmm-?z>m 1 cd^{*x 

«r$y85-r5±-5fc*t>TI/-'So Ccoh^^X^S 3tc 
70 »4. 09*tf, B J TSfcttMOSFETfcffl^SCfctf 
T*#«o &*5> h7^*3 3C0X- -y * Waittift 

Mi®fi*x§§3 4 t>mif &nTv*. 

[0 0 6 7] 

5>fc£®!KlaIB&l 0 8 B^iE^^nTV^o SWSfrelSg 
108Bli, tVX7-KS3 1 Sriffin^ttSSfc— 5££: 

2, h7>->*X^ 3 3 33±t/«MSJg*tg§3 4fr£M 
a?nT^«. <fcoT, h7>^?3 3«, y-Fx 

oT:fc*K Xfl!|ti^-r^— F3 2<D7V— FfC 

t>t£WttEftX^Z 0 F3 2«> CCDtl-g\ 2 {I 

[0 0 6 8] 

Gfe y X T v 7© glKffi^) 
-lr>'XT>'7 P l 0 6 Blis £y H?Jfa¥fflRiH@K8 0 
teO#10«tt&*U §e>v h73(Bl*ffiKtn!HlK§8 Otc 
*3VT 1 McD-feyXtf -y h»2 1 A, 2 1 B©IB©«ffi 

If -y r-77[Rl*ffiBEfcmeISS8 0CO-feyX7 1 0 6 B 
(i, fnfftA*S4 0A, 4 0 B£«fc DfcffS'fS-t::/ 
xe-y HSS2 1 A, 2 1 Bfc«««n*fc«^ -t^t 
t±ftJlC0-tr>X7y7°t±l*^5 1 A, 5 1 B (J^^ fcH 
73^5 1 A, 5 1 B) tetgiR^n, «mtct±K^UiLffl 
•r-^X 1 1 2 £ K) tittfi v7T 1 0 2 Btctttt^ 

[0 0 6 9] 

^0 4:L"C«^*tU h^>v ? X^4 1 A, 4 1 BA^jSi. 

£.g£ai§42A, 4 2 Bi:. «E^Tmco^*-F4 

ys?X^ 4 4, «EE^TfflOgin;S4 5^{i^TV^^„ 
[0 0 7 0] 

03«. R»mtl5lBi»* > 6-b^7>71 0 6 BO 
gP^ftfflbT^LfttcOTfeSo CCD.k^c, =&H:>y 

6 Bt±, 1 A, 5 1 BteWb^X-Jr-FSsat* 

50 nt^So ^rfe. g$xgg4 2A, 4 2Bli, *X^-F 
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&Wt-£tlZ?'<T<Dli>X7>7 1 0 6 BtfipPlrfS'* 
[0 0 7 1] 

Y^yJ^Z 4 1 A, 4 1 BH ^— 0 
A, 4 0B^Sai*tl, (ffi*»5 1A, 

5 1 BtMT) fi£x§§4 2 A, 4 2 BaWMtSnTV 

-t-XWfctt, ^-f*-K4 3*^LTVfv F 
M2 0««««h, X5y*«tt»*t»4 5*fl-LT« 
JfiSflTfc-tS. CCT\ g}5x§g4 2A, 4 2BfCti, fR 

1 A, 4 1 B«\ Wtt««A<JBoTf 

So 

[0 0 7 2] 

tfflv»6tiTv»*. h7>^x^4 4tt, rn.ffi.Mmmm 

t. hxrj— KM 2 0*50^7 hfn- FtttefS 
[0 0 7 3] 

$fc, ^■trVXTV'y 1 0 6 BCh7>^X^4 1 A, 
4 1 Bit, ^nfnonL/^^WffiAlS 1 A, 5 1 
BfcSSRStU ta^«S5 1 A, 5 1 B, ^^{cK^fflb 
fflx— 1 1 2?:/rLTttlAMy7 7 1 0 2 Bfcig 

^snti^So 

[0 0 7 4] 
[0 0 7 5] 

si o 4 o-ffltcjgfig^n, *<D±mci^ ^i>f^> 

F 1 2 ltfStt^ftTVSo £<DY73(SjSgl!j[HjE§ 
SPl 0 6TB, &LtK»T91ti:*t£* YS(Sl7Kl/X 
X3-^10 6A, -feyXTVri 0 6 B35«fctfY73|a] 
Al/yh K^l 0 6 C©*-ft* f fttf£irv h^lJYn 
(Yl, Y2, ••■) te»«-r*EIII*l««*ffii:LT 
fiScSitoTl^So *HSS©JgST*{±. cn^lalSS 1 0 6 
A~10 6COli)S*ffi*, FBI Yn 

(Yl, Y2, •••) c'tic%ttt>rct><D*m®Mm®& 

DUn (DU1, DU2, ■••) fctikftic, 
fgffi|[H]gSDU n^r, fOBilflEttt^l 2 ©iflWlCiRI: 
ZX.5K.mm.1rZ tin*. Wetilfv KJlJYnOfiSigB 

[0 0 7 6] 
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0 5lCte\ »kO©*fiaB»@»ft^«nT0>S. Y# 
Ir|7 FPX-ra-^l 0 6AOBRi'J7tt, WN?* 
V 1 2 2 ( V c c ) ^HMffiOWB^-l' > 1 2 3 

(Vm) , jf7^K7^V12 4 (GND) i:©M»C 
TgfiK^nSo *BWffi<0«R9'l':'l 2 3«. /OF* 
t^y+24) icttft Lfe«ES WKMBffl 
•f\ X1]ftTH±feW.ffi®& 1 0 8 BftifKWt&rsWE 
ifgT-feSo $fc, CcO[ElKxy7P , 3^7 0 5 

iO DU n07KWfa-^l 0 6 A^»«tr« J:dtc* 

[0 0 7 7] 

*tl/7,7is~f 1 0 6 BcDiggSx'JTWu ttiS^-YVl 2 
5i:> cfFaUffio^S^^vi 2 3, y^'i'VF^t'v 

1 2 4 i:©lfflfc:jBj8?ft*. coxyrrttett* 

5 1 A, 5 1 B* , «*f'r*.«fc5teffifiLTfet), CtlK 

&&{iigmm8>D\j notwyyi 0 6 Btf#x-y 

-FgS^£ns.fc5K:EMtf&£ftT^So Y^|p]7Jb 
>h F-7^^ 1 0 6 C<D|h!S&xU7(±v 

20 5t, tpMw.GKD'mm^-o i 2 6, ^■jyK^y 

l 2 7fc©Hfc:»j8SnT^S. 

[0 0 7 8] 

me it. mwmm&v?*,. zzic-tz/xTi/ycDfr 
-yh?ijYn (yi, Y2, •••) »c*n^ftjttjsttw-5ft 

Tl/^Sff W-?r&<. -tyxVv hWl2 1 A, 2 1 BOl 

XTZ/Zfl 0 6 BOIeIgSxU7»C, h^VS^X^2 2 
50 A, 2 2B, 5g3n§§2 3A, 2 3B£\ tyX7>^l 
0 6 BtPkK.ftiNSERtZ&vK.XsZ^&o 
[0 0 7 9] 

■TSi:. 1 0 6 BtcfcttS 1 ^h^Vi 7 

X?4 1A, 4 1 B<DF*J{KRC h7V^X? 2 2 A, 2 2 
B, g*tg§2 3A, 2 3Btf^J:?H^LtEIS 
ntV^Ct^S. CCT*, t£7^-vFl2 8A, 
12 8Btt, ^-n^n-fe^XVf KM 2 1 A, 2 16^ 

40 f*3-F»2 Ott, ^'JVK^Vl 2 4^51^11^ 
TY^7Kl'Xf3-^l 0 6 AfCjg^nTI/^So 

mW.7^>l 2 5%i£^7^K7-l'yi 2 4^-Rc 
LT\ 05T*li*<02, 03 tttfo-tZ&olcLT^ 

So 

[0 0 8 0] 

tt5T, h7>'>*X^2 2A, 22B<Q*tfc, ffifctfg 
23A. 2 3Bd^ ^3,tr;-lryX7V7 , 10 6Bat 

50 fctfttfKfcSBT***. <fc^T, ¥ttM&*MZ.ZZLt 
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{&&gw- 3 rztbicKWftmtmmcmt u mots t 

[0 0 8 1] 

a, 12B, *5«ktffES-fe;M 2©iij«cov^RHt 

[0 0 8 2] 

tc s eit-b;!/ 1 2 it, s« i o<d±{c&& i tto^mis 

ttBR?l 2 A, 1 2B<«MStlTft5. cn<=>ilSlfE 
1SSR? 1 2 A, 1 2 Btts HI 1 <DBS14J1 1 , 

14*2, m 2 <omi±® 3 tfmm Ltzmmftt, n<omm 
sicmwfstiztmcm&mvv hM6 a, s&fflv- 

.K»6b (SSI, tc<fc-x>TM:fr*i3<fcd 

ws 2 ©$©1 3 tmtm&m 5 « % 3rasi4»tt/f 4 

[0 0 8 3] 

ttfcOEttJ*? 1 2 A, 12 B^HVfttfcW:. flW 
#<9±ffi (WK«1i»5fctt£jffllB0iB) K»B*yf 

yyjpwsi i*«s»6n, s«i ofcAfroT, an 

[0 0 8 4] 

$ i oisstts i it. m<tftfa<omfei£nrcmi&mT-3b 

ftrsaHKttM (ffiBM) T'fe^o CtiW, Snra 

grioa) t}miz.w^4m®m2*&&-emm?<n 

ttT* 1 ©JBftJl 1 tc^»LT h «&ft*. 
MSf lOittl 1 c0Xtf>il^2OSStt*3OX^ 

teTffaa^teBtftOEIBiR? 1 2 A (1 2 B) cDJgftffi 
[0 0 8 5] 

Sg2 0fift±Jf 3«. «&ffilfvM*6a, »5iffl7-K 
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tciotSCU ctifciDSioHtii ©8&<fc2:© 

Sti-sTltaftft, «3&flH?vh»6 a, »&ffl'7- 
F»6 b<D^-fftfr— *?gt*-Ptt*<, cn605DWfc 

£3 £5^, Sg2©®1SM3©&M#1£^t8;:5:Htfl3 
SSn3„ Cft* , TMR*?fcbT©lKiKK1!* : ?l 2 
A (1 2 B) <Da*^itT*fei»o 
i0 [0 0 8 6] 

cct-a, 3gtf8Sffll 5 0 7te*5<^T*6®{cgi£7j 

•iiffly— KSS6 b ©SVfC^frfc *o fcgfl#*l*jSL 

ie>^i6a, «iffl7-K»6 bOffift^rlft-efe 
5. «WlqI*«fW5»nB*lRlte43t''THCfc3Bll«i:fl:-3 

wjssfu rts-rs»iiffle-y b^6 a, siim^-F 
oicwffitfmfr— ftii-oT&Q. &<£L.rcmmmn 

*4US-&*^«0MHffi»*%#bT^*o Hit. ll 

«KHS&SETfc -3 Ti£»"r 2 <DW£M 3 <Dmtfi IrJ^ 
— JBSS** < ^*-S C t tfTS « <fc r> T^«. 
30 [0 0 8 7] 

Site. 0814, S2J8£>y ^6 a, «iffl!7— K»6 
b<DlE^3t^LfctOT*fe3 0 CK^i^fC, 

6 at, co^fflii'-v MS6 a t^-n^n^M-r§<fc 

SSMIEIt^? 1 2 A, 12 B^Jgja^nT^So 
CCWdWfctt* »3S±©^MIBH± 1 0° 

40 •^ ; l/^i. 0 cc-ea, Tfrt^feSjifflvr^ hme a, 

©«ft*S<E««*«', coSIIIKKIW)***ti, ^iE 
[0 0 8 8] 

Jftfex BatSOE«iR?l 2 A (1 2B) cD^lcte, ttffi 
JB5fr&S«i O'NfcjitiifeWS.fcdfcmiJS^iiKnSo 
50 fe*tflMKtti»«M4. ^«S41£S5tc(±, f 
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K 82©«tt»3k:«:, flflRtf, =»S;1/F8^£ (c 
oFe) tfffl^&tU *©flMH*©3>Wh (Co) . 
(CoPt) „ 

i(NiFeCo) ;l!):£%;ilr->«i2fctfT*«. Sfc, 

ai i i tm 2 <D8aiss 3 atfo&fttfs^ie 

[0 0 8 9] 

^:0^fc46. h V*;t/fiJW±» 1 0 k O • (|ira) 2 *§ 

*;l/fitttt, 10kQ- C/xm) 2 J^T. «6fc»SL 
<(ilkQ- (/im) 2fitTt"t-*JltA<»SL^o * 

$L<ttl. 5 n mttTi:t5 C fc^SS W\ feK 

fottim-?* cti^ts-^ g i <db&14® i 
if as 2 omus 3 fcoSEdntffiomiiatciBB-r « u 

o. 3 nmjw±o»»-ea&*e:t*«asbv , 'o 

[0 0 9 0] 

im&mmm 4 a, » 2 coasts® 3 ksttf&ffig 5 1 * 

«, ;l/-r->>A (Ru) , ft (Cu) ftif^ffl^&tl 
3 0 S«SS14»5tcli. Wi (Fe) s 
(NiFe), Co, CoFe, NiFeC o^ffll^ 

-K»6 bK**BW«l«at1t«5U:il**«*fc* 

JU, R{*Wtet±2 0 0 0JM±. «fc<3$?$LO±6 0 
0 OfiLhTJSS. 
[0 09 1] 

tit, (Ti), (T i N) , 7;l/3 

(a 1) #mte5Bwsftfc*i6*wu tftSHK: 

i6a*itf«i7-K»6bH;, W*»f N 7^5 = 9 
A (A 1 K S(Cu) fet'tf^y^fy (w) ©5 

[0 0 9 2] 

atMemK7i za (i2b)«, cct*&tm 

Sit^rSiJt"^)aO C PP (Current Perpen 
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dicular to the Plane)— GMR 
*t, ±K©«»**yil5?i 2 A (1 2 B) fcHMfcf 

[0 0 9 3] 

««K«*? 1 2 A, 12 Btfftj££nSS& 1 0©± 
JO lis tt»07*ttLTE^fcfc»Sn;feWWi8 A, 8 

Bs^eas. aacfewie? 1 2 a, 1 2 bh\ mis 

Bf&mm<Q'J>%: < fc fe -gP3b^«M 8 A , 8 B <D J&jgffi 

? i 2 a fcflfflueiix? i 2 b ti*, tommunT^ 
^ii8A, sBte^n^tiffljMfcSfcsn* ei^ic 

l 2 A fcBtjWEtt*? i2Btf, Sgm^fclNSii 

20 [0 0 9 4] 

*o -Mlc, nfflS/'Jny^x/McttP OK) <D^MM 
S3R*»SS«tiT*l3x MlOitm P Q») OS 
SJSffiStf;: J: t> n + + Ti/^fccdSrfflt/^o C 

ntj^L, xe^4 i v'^;l'B9ti, P (8S) #H&3ft&i£ 

30 3„ ctifcV ^USSO^tefeW-*^*- H 1 3 A, 
1 3 

[0 0 9 5] 

F 1 3 A, 1 3 B £<1<0 3 *V h*— ¥ 

'J— **aEtf»l 0 0ffiFW±t>**<s i)D^.Tigfi±^ 

40 ^X^MRAM^^^V^'V^U IE«-fe;H 2 
ZbKi/av V*— ^-f*— F«R1 OOO^SfeMWr 

®, SitST'Wf J&v' a >y b ^ F L ft 

HSLfcB J T, h^ltY-h • FWyM«a»Lft 
MO S F ETT*fgfi!c-r§<lkfeorHgT'fe?. 0 
50 [0 0 9 6] 
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09«, fEtt-t^^lHj^ET'gLfcfeOT'feSo C©<fc 
? IE, 1 WOBttWBItiR? 1 2 A, 1 2 B tt. £ 1 <D®. 

ns. -r*fc-6, m.mz&m? 1 2 a ( 1 2 b) » 

CO 0 9 7] 

fcfci^Tti* KftEltiR? 1 2 A, 12 Bco-^^ffig 
St, fl!D**JB»tafcLTl»«©IE**fT3, cnti, 2 
OOBBMB**? l 2 A, 12 B*»6©a*«Si6t8« 

O0«*E**f 1 2 A, 12Btt, Stttt. SlMffiK 
gffcsp* * J:tf» 2 ©S&14S 3 ©fi*sBWM>** 

[0 0 9 8] 

SffiK O V * r«iprr 5 o 
[0 0 9 9] 

BBWK**? 1 2 A, 1 2 B ^nfno^ 1 ©B314S 
1. »2 0iffll30«fl:*SLT^«. RIHtefc^ 

SIE**? 1 2 A , 1 2 B «tefi*|ftfC«fttf H3£S tl 

U IHiWEtt*? 1 2 A, 12 B-ffttS^teE^fffcft 

1 *f ©e^iEttfit? 1 2 a , 1 2 b ©ss 2 ©astts 

[0 10 0] 

C<Dt%. 1 ^©SS^I2«^? 1 2 A, 12 Bfclfe^T 

a, ^n^n©^ 1 ©ssis« 1 fc jb 2 ©asits 3 ©sift: 

*[q]©iia^-&fe-&«s SMT OWx. RTfr) ©fgi©# 
c©2o©«ffitc2fltW^ roj , r 1 j ^3fiS?t5 

c t t% 1 ooeit-bA' 1 2 tc 1 if y h ©m s 

-£3o **3, flBKEttX71 2 A (1 2 B) lefeVT 

a, jr 1 ©a&tt* 1 * 2 ©esiSM 3 ©awKnajsWr 

fiSittttfc&s. M«4rratfiCIS1liR7 1 2 a 

Wfitt * TflMiftEIW * e 
[0101] 

C©J;d(c, Jtfcfc:««iMKftJRTpl 2 A, 1 2 Bfcfc 

v-cs 2 ©gaisii 3 ©awt*ift*s(/->teR¥ff fc-r s tz 
a&> 01 nc^Lfct^^ s$^ietts?i 2 a, 12 
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BZtlZtHDW&mVy hM6 a, «iffl7-K«6b 
#88) o 01 Ucit, SEtS-fe^ 1 2*cJtU 01 otc^ 

[0102] 

L«a D, BMOEtt*? 1 2 A, 12 BZtiznom. 

au&M* 1 ? 1 2 a , 1 2 b n©ss 2 ©bsiss 3 © 
Tff t & t> s * <Qm<ttfmt>\ mmmm 5 1 ©sBsaat 

ttlg*e*DB»e«n*. *iBx roj lf-y h^rS^Ji 

trfctt. Bwnistt*? 1 2 a, 12 b ^n^nic gii-rtt 
ftefflSS* 0^©ftirfc«£»lc«t)^x.3J:5&c-r 

[0 10 3] 

<!©£#, Bfj»«WiB!l««ttJi50rt»»cEHC3i«>6 

w&ikjk&seh:. ^*icitbT^:#<^:«o tea*, 
^2 ©ssi£B 3 *£s+a*«ira«T«ffcEiKS-e« 

5KJUA6n*« i?T, C©^2©gS14»3©B3(k7? 
[0 10 4] 

1 0 1 A^SPx— ^IS?A 0~A 2 0<D«-9«E€:ffit» 
i^A>-C ; F f 3g|5M>y7rt?m'llUs 7 FUXfill 0 5, 10 
7*ICTYM X»lftO7KWf3-^10 6 
A, 108A(c£It5o ^tlfcH^te, 7 
rl 0 2^W7*— *«S?D0~D 7 0«««E*Blt) 

10, 1 1 1 «rjIirtY73|fO, XSlSlOAl/VhK^ 
40 71 06C, 1 0 8Cfcejt-r-5 (01) o 
[0 10 5] 

T H Wfn-^ 1 0 6 A, 1 08A«, I«i§tJ: 

a, f5MI7-Ki6b*aRt*. Sfcx »5iffllf>y 
hi6a, «&m7—PlK6 bteWT«»E©|fiiI*tt. * 
UVh F-7-f^l 0 6 C, 10 8ClCi5^n5o 

©^7a^mss^ssn«feis-fe^ 1 2 tf-sttaRstu 

50 8?tt, «iffleyH»6a, f)iffl7-P»6bOi 
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CO 1 0 6] 
[0 10 7] 

(S#»fl0 

So SKttfert/ 1 2 tt, 8BWE«ili? 1 2 A, 1 2 B # 

as© ± 5 umitxfa t a o Tflwa A^iattt? nfc«» t 
7j£ns<i£-z?ss}R£nso w*.ur, 3»wrsiB*-fe;i/ 

12*', YnJiJ, Xn+lfffCfeS*^ Yn#iOtT 
>y hf3- F3§2 OntXn+1 #I<D7- Kf3- F 
IS30n+l 

[0 1 0 8] 20 
Yn#g<D£<v h^n— K«12 0 nte*ttSWBEU^;l/ 
High" i:t~S fc. h7>">*X^22A, 22 B 

^^^ymi^fis -feVXtf-y h^2 1 A, 2 1 B%1I 
Vc cfflfl)^6*OS««Bfc^-3T»inT*o 
CO 1 0 9] 

— 7t\ Xn+l#|O7-Kf3-K83 0n+liCfc 
ttStffWM" High" btZb, h7^^ 
3 3««Ittt«i:4D, Ett-fe;H 2©Xn + lSg(D iO 

fiftfayp vi? (y— f?ijx n + 1 ) (ctis*«n« c 

-tzvxe y f»2 i a, 2 i bo^6. ^n^naawa 
i 2 a tp**- f i 3 a, awwaiuR? 1 2 B 

fc^-ftf— Fl 3B?rii»?> mcXn+ lSgO-tr^X 

y— Fits 3 i'st«tnj&*, sstc ^nsnteigg 1 os 

B*«J5WS h7^?3 3«D3Ui7^-x=7^FI 
Y n m, X n + 1 ff I<OtB«-fe;b 1 2 It. Y n J1J, X n 

+ 1 ftBtDrnfcLmmm^ 1 2 a. 1 2 b ic-t.^-»^n 40 

ffi*ffi.-tCblc±Z>m%l-ZtiZ 0 
CO 1 1 0] 

1IWH©§S*aiLttx B**>H 2 0att«E«*f 1 2 

a, 12 Bo^n^nfcatnswKffltog^jfettmf * 

F^2 1 A, 2 1 B^in«tyi/>^tffi(cg!r 
§H,\> £fc, -trVXt:-;/ MU2 1 A (2 1 B) tcfcfb 
Ttt5>Jte!ettSnfc8ffiS2 3 A (2 3 B) ■feV' 

-bVi'V^lt^O^??^ I sense. jg£t§g2 50 
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3 A (2 3 B) ©SJtMRa fcffttf, #5£T*?&££ 
taSo 

Va(Volt) = Isense(A)x Ra 
(Q) - (1) 

* (1) gjn§§2 3 Afcg*i§g2 3 B©*tf£K 

JB-aT^ntf* ■fe^v'^ttSS I s e n s e 3rfl:ffP£T 
V a »c J:oTflEteS«LTtttil*n* C 
^CT\ CCTfei:BE*ajLta*fll#i:LT. ffiJriS§2 3 
A£gSi8g2 3 BOWERTfc^ft^ttArtaW OA, 

4 0 B&&%t>tUU ^©MtfSr&fcH-rs.fc-McLT^ 
S 0 CcDi^tC. 2 •DCD^IHIS^ 1 2 A , 1 2 

^ns 0 
Co i i i] 

c&mmmi&i osBcms) 

JM±fiDf6*ab»flFK:*V'»T, 3aR*nfeE11-fe;l/i 2 
1 0«HfiMfc»»6n?!:«aWJIS»St»3 4 tc<fc t)RB 

?ns 0 «git$ij|5Sigiit§5 3 4*±, cn*af«iii*iH 

3 4kh7>->*X^3 3, ^^-K3 2W^ 
tM?nf:StI@8 108B* 1 , J0M 
(*3{ciRi{>3 <fc -5 fcftfFTSo 
CO 1 1 2] 

7-Ff3-K«3 0OtEl^W "H i gh" T'fc 

6 + 2 <l>f£tf ffiV^RSWffil^H'^S^lW^ »} tiTTo 
i-pTv h7>^* 3 4 o-^-XS^ai. (flHKE 

sttrasfw K^y^x? 3 4 irmnvtWibis; 

So CCDt^. -lr>xy— K»3 1 fr&fltVTS-feVS' 
>7W.m<OjZ%Z Isensett, WftffclPl&JrESg 3 4 

©»jt«*R c t-rnwf, ^t-«$5. 

1 s e n s e (A) = (2 0'— 0") (Vol 
t)/Rc (Q) - (2) 

2 0' li 2 ffl<Dia?iJ(c*c> fc-Sf-f^r— F 3 2 ©Mg^I^im 
JE, 0" tih-7yS?X^3 3<D^— X— X5^^P^<0H 

5, a (2) t±, attttRc^nut^^m 

I s e n s eli— ^<a^ri:SC^. fiiafflR 
— ^fcLT-feV>'>^"m8i! I s e n s e it— mclfc&bZ 

[0 1 1 33 

f &fc>-5s CcO^ttiJSlH]^ 1 0 8 B<D^mfX\ -feVX 
7— F^S3 1 fCfeVTap^-bV^^^SSSl sens 

(2) co-feVv'^'ttSitl sens eti, -tVXy— F 

«S3 itesiEns«»rt?a60x ^^2 1 a&j: 

t>*-fe>XVf-v hl®2 1 B. fc L < ttOjKKtt*? 1 2 A 
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[0 1 1 4] 

-mtLT, «^JHg*i§g3 4% 5 0 kQtU £V 
108BtJ;5-(:V->y^ta! sensed Sl£ 1 

*-««Ktt*y i 2 a. i 2 b ^n^ntfKiw&fKhrc 

ft&ltjt<Di!£ftJte. #ic(S(£l 5 A&c^FL<&3 0 * 
fe, S5i±©IlHfc:J:£8£SWeilJg?l 2 A (1 2 B) 
«DSStffl©tfP.O^i:t±, $m&M2t>\ Snm (ft 1 
OA) fc^^aaK?*ffl0JP*b3W*fe*V"»fc«>»<:» iP 

mm?l 2 A (1 2 B) flDffliStfflHCfcl^T 1 5 — 5 0% 
[0 1 1 5] 

«awa«*f 1 2 a. 12 Boastttotf &osta±, 

SB i: fe 2 oo^-g-tf 5 ft 3 „ ®io|i±, fStt 
t;H2i±OfflT?, #fflS1Sg 2 ©J¥*©&f 
<fc lKSlgStt&? 1 2 A, 12 B©{ftjgJaBf:}3<fctfS 
fii^©fiffi*tf»S:*»*T*fc3o «UT2RHt£«2 
©»#«<Ji£tf* 1 ttOffiMteitig? 1 2 A, 12BO 

So <2>20gf±„ #l3tt-fe;H 2 Wfc&UT^SK* 

Btt*?l 2 A, 12 BOW*, »£#E©H£!r»f>2lM8 50 
CO 1 1 6] 

ccit*. <DiEH-tr;M 2 ©HIT, ajREttL*?! 2 A, 

^2 i a, 21 B*ffitiz&nffiMi&. fnfmso 

SMKBttiR? 1 2 A, 12 BOa&ffitejSUfcfflTfttfc 
Tl^S. f^M5i:, ■fc^Kf MR 2 1 A, 2 1 B 

fc, K«-fe;M 2©ffltefcfr3Sirt©tf60#;&*&*© 
1 2 A, 12 B©gSU±^l?Uv> Jit IEfg-fe;M 
dT^fcfcLTt.) „ -feVXtf-y MR2 1 A, 2 1 BO 
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2 1 A, 2 1 B©W«ffi©*ix ^tc— SCi®5HrttClR 
*6P»n3e *<DTctb. Wffi«E££U3&ft88 2 3 A, 2 

3 BOttff^TOMt-SOlEHrt{ciR46?>nv S^L 

CO 1 1 7] 

1 2 A»«*IBtt*?l 2 B©MRj±©tf£o#, ^{C 

5, tt*«^S/Ntt*WllCflSi:LTL*$. 
U ^WfiBSS 1 0 8 B^Rtf-Tl^Sfe*, 

•feyxif-y h»2 1 A, 2 1 B<0«-«r»cfe»*«i«O4S 
fttt, WBMUcJSCTJ¥«*.j&Sft*. Cftfc:<fc»3s 
WJfHtEg»fl§fi*tffi2 3 A. 2 3 B©ttERT©Stt 

»tft>— ^fcjp^eru -tryxT^^i o 6 box^jic 

CO 1 1 8] 

2 A , 1 2 B ©-fe V — Ftt 3 1 <0®ld«J!fBSi^±(C 
Stf6nT^«^*-F 1 3 A, 13Bti> 

F»3 1 ft»68aW0Elt«T 1 2 A, 12 B^fc 

CO 1 1 9] 

CCT-ft, tr-yh^iJYn, «7— FWX n©*a»0E1tJl8 
?12A, 12Btf, «lO-feyXl£'yh82 1 A, 2 

i b, *aot>77-F»3 itesa**nTvsfe 

J6, t^y^Wffi©— WttjE«©«K**M'U R&ffi 
L»**tt*lrM«MK«*y 1 2 A, 12 B^LTgiJ 

BtfiES©«S±K:B 9 

^nTfecdLfeBBWBfitfcSOttx 8Ettfe;M 
2(DWR^y=f-^y Vftfa, r7— F^itofctWcTt 

fe&SAV ctTftt, ?ijc*i:(cS«^[H]Kl 0 8 B£r« 
CO 1 2 0] 

Cl-5 LfcIEM©ig&fr£ttftT@&rt%^ftS^^ 
Wte@*)Ji*«»J4, fia^fBtl^l 2 A (1 2 

b) *a»arrs«K±»cR£'*"*o b^uajve. cic 

-^•(Sl^T-feS^'-r^— F 1 3 A. 1 3 B{c<t 
CO 1 2 1] 

— F 1 3 A, 13 B^SKRE**? 1 2 A, 1 2 B<0« 

^Oig^ (i i) . (i i i) i:;&^Lfct><DT*£3 0 
PIiatc^i/^Tti. e-yh^iJYn, «7— FJUX n+ 1 ©13 
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i&tfri 2t>\ ^3:££{c1ff&tfK&tH2ft3^;i'T-fc 

So 

[0 12 2] 

(i) CDJ:?^ K»3 K?IJ7?|SI 

teBWS-rsafcOKtt*?! 2 A. 1 2 BtC&jJftU 3 5 
{C-feyXkT v b;S®2 0 n+ l'sJJfEtlSo *^ iRiaioia 

£R<Z>aMCKttiS? 1 2 A, 1 2 B (Hij**f) &C*TL 

[0 12 3] 

00*.fcft£R (i i) <D£?fc, EtttwH 2<D{g 
fiKfOoOMKBEttJ*? 1 2 A ( 1 2 B) ZM^T®r>& 

trsa^&t-*, raHTtt, -r^Toeit-fe;!/ 1 2 ic 

fct^TKaOEIiifcF 1 2 A©^^{ggmMt LTSSSS: 
S^LT^So COf^, -tryxti-y h^l2 1 A^r^ 5. 

if 1 2A%It), -fe^X?— F»3 1 5&^-UT^?.fC 

7- FW35nfiii»cP»r*B«*;i' 1 2 offigiftwioa* 

BtMKPl 2 Afcaarr*. toft, iEMoSSgfcfiS 
SrS-fe^Xtr-;/ hiSS2 1 A*. >g«£ ftfc-feVXV- F 
SS3 l(caGR^nT^«KftaeifiR71 2 A. (Bflie 

««0E«iR?l 2 AKSAU o^fcttaRStlfctV 
Xy-Fife§i3 lfC«Enatr 0 P0*OlI!3ii*H:» rau-t 
>Xf7 h^2 1 Afc^*ftfc£R©K$CK«iR?l 

2 a (Hjjvs-D v ^nsosKjuisit*? 1 2 a tmm. 

1 2 A, 1 2 B (Hjft&f*) &C*tLT&£CSo SSI 
[0 12 4] 

OO0t)5i*OWfcLT»is «S8S (i i i) tf* 

s a i§ic-b>xey HJ12 1 Afcg^^ftx 

t^Sttftieit*? 1 2 A (ffi&ttM) fr&a«K«JR? 

1 2 B GSfiffiffll) ^<t> 8t«E«*? 1 2 A^fcfi® 
fldBIBR? 1 2 BO— *%3S»arr*ci:h:J:-3T, X>£ 
•ooffitl-fe;l/l 2$riIiI"rSo ££}c, KSKWO-feVX 
kT-y h^2 1 B%±#D, R*tBL*f*©SE1i-t:;H 2 

[0 12 5] 

C 5 LfcigSS ( i ) ~ ( i i i ) Iff^T, 

no j: 5 te, &mm&mm? 1 2 a , 1 2 b <o«gisggg 

±t^*— F 1 3 A, 1 3 B*mtt%Z£lc&-DTm 
2A. 1 2 B^LTttffitiWafctK S»?3iA/7£t>-r 

2 cmmieum? 1 2 a , 1 2 b <Dwmm* 1 OO^ 
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c 1 ) , ( i i ) zmm? « c kawefc «j > m^<o 

SS (i i i) *&RfSfe&fi:i& &$m<Dmm<0&*> 
KIBttfe^ 1 2 04>?KME1liRT l 2 A, 1 2 B Hit 

[0 12 6] 

70 *4t«IO»IW)aJW»jhffl^*- F 1 3 A, 1 3 B 
BMtVT, fiBRE**? 1 2 A, 1 2 B ttyX7- 

fmi 3 1 t<Dmcmm^±m * 9 * 6 3 a , 63 

i?X?6 3A, 6 3 B It, ^-Xfi&S? ^e>y h f3- F 
»2 0*fett7-F7*3-F«3 0*C»t»r*fcx 
xe-yM!2 1A, 2 1Bfel/<tt*yX7-Fl3 1 

20 £\ Fv>^X*2 2A, 2 2Bii^<i:feJ;i/\ C 5 
LrcSffiffiB&itfflF7>S?X*6 3 A, 6 3Bt|S]«S{C— 

[0 12 7] 

li«±fflh7V^?6 3A, 6 3 B^/B^SCt© 

0. 2V1K) *V 94*— FkWBWrlfttekLT^V 
F^7^» (0. 6 5V — 0. 7 5V)<DtS*W 

Vc cfr5*iffitelRl»Tlt5iJfc:, *SWtffi£SWifiSiS 

2 3 A (2 3 B) , h7^^2 2 A (2 2B) , I 
«EttSR?l 2 A (l 2BK afflMBihffl^*— F 1 

3 A (1 3B) % h7>">^^3 3, W^JPISmfS 3 
4fi0 5©^tC*rpT^« o *<Dfzlsb, ®EEBE^*#lS 

3 B tt, aMB»±ffl^-f *~ F 1 3 A , 1 3 B Kit^. 
0. 5V8Ktifi^«fl(«E-p&nff«««c2:^T« 

[0 12 8] 

Sfe, 5S»»a»±ffl^*-Fl 3 A, 1 3Bli. 01 5 

{c^Lfc-t^fc mmm±mMos fet73a, 73 
BfcStmscifcfeRrgg-efeSo coi^ j£iif$o 
Kwy-y-xWBio. 1 viKt^ftDfi<, 

*OfffflS6*tt. WHffi±ab?>&7>*6 3 A, 6 3 
BfcB{?|W|«6TfeSo 
[0 12 9] 

50 *fes Cft 6 II 6-01 8fC^LfcJ: 
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dfc, -feV7.e<v hi® 2 1 a, 2 1 Bt.mmzw.mTi 
2 A. 1 2 B^n^nopatcsw^txTi/^Tti^-'o 

[0 13 0] 

vx7>^i o 6 BtcitJMftite-rscifctctt) m 
2) % ^os/NoA^tu^sen 
s» a^j»5 1 a, 5 1 Btctt, &e-y hftfo%.mmi 

ligSO (•••', 80n, 80n+l, •••) <D£$L<D-t> 
7.71/7 \ 0 6 Btfal/^WTfcX^-FSBttStlT iO 
1>S*V SSfeS e 7 h f3 - Kg 2 0 O 1 O^SR? 

T, WlS-TS 1 0<r)t>X7yyi 0 6 BtfZ^x-f 7 
fcfctK *©3U**ffi7j£fchm#tt5 1 A. 5 1 B 

[0 13 1] 

fcfc, CZLTlt. h7»*X^2 2A, 2 2 B. gia§§ 
2 3 A, 2 3 B6J:U*t>X7Vyi 0 6 B IBtft-fe 
/H 2fcRlMIW©fflttrtK:IMraiiaftT^3;fc«>* 

[0 13 2] 

-b>'X7>7 p l 0 6 B<Dttl^{i, HJ^5 1 A, 51 
B, RMLffif-^Ul 1 2^rigaLT. SJgfttC 
Sffl*M-y7r 1 0 2 BfcATJSttSo W*/W7rl 
0 2B(t A#£n;fe«#*ffi*\ *BWr«fc*»c2« 
OiEift LT^gPx-^^?D 0~D 7 *»6 ffl^-T 

So 

[0 13 3] 30 

A, 1 2 Btt3Htt«ttM5%«*fcfc©fcLfc©T?* 3» 

$ 2 3 CDOlfb^BfS^lftte+^Mo fc«»T?* 

titf* » 1 <Q?814J1 1 kOffi»WS:8tfb*lS»cJ:oTs 

atjKfawsfs? i 2 a ( i 2 b) fc*3«-s yzs^msm 

U± o ^ t) 2 ffitt^^-T c fc tefc 9, s/n 

[0 13 4] 

cntcin*. c <r T-«. tem-tr^ 12^1 *t©«asBii 

1 2 A, 12 BT'#t/?Kb, 55D5te8IHa**&f£*g» 
{UTjfSidKbfcO^ -feVXe-y hf&2 1 A, 2 1 

-Fid 3 1 (ofmmtc&mMKi 0 s b*»w-, m& 

ICttL-. -feVXe-y h^2 1 A, 2 1 B<0«^fflcoM 

•S{c-S<DiSHrt{ciRi6F,n5o £fc> IgUSitfilS: 50 
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-£ttlcS!l&{tr S Ctli, 1 ttOfiSMIBUi?!? 1 2 

a, i 2 BofflSHofiiaotfsofctcafLTfc, 

XfcT-y MI&2 1 A, 2 1 BO&®ffite<D^I& ; S:i¥S*.& 
tr^m^*LTi/^o cn»cJ:D> £j£bfcj§»titfj;& 

S^CitfTfS. &*3> JtttSitlHlggl 0 8 BOh7 
>^X*3 3&i, 7-Frn-Fi®3 0<D*S»<*x>r'y 

T*£. ESStSthh&WfiJT-fcSo 
[0 13 5] 

Sfc, «at«IBtt*? 1 2 A. 1 2 B ttyX7- Klft 
3 1 fcflDlHte* — 3?|8BlH t kbT^*-K 1 3 A, 1 
3 B^IStfS cfc?{CLfc<DT\ -feyxy- F3?£3 1 2)^ 

ataEttiis? 1 2 a, 12 B^wftaHttsirra c tara 

±£*lSo dntc«fct)^ «il«-tyxe-y hi^2 1 A. 
2 1 BSfctittao-fe^Xy— FS3 UcfiE^nfclH 

mt2«m? 1 2 a tm%mm.m7- 1 2 BoiBicma 

So 

[0 13 6] 

££>{C; *HfiSO^^T»t±, •fe>'X7'^yi 0 6 BO® 
gI'J7^ h7Vi?X^2 2A, 2 2B. :fe«fctf&*i 
S32 3A, 2 3B%t>X7V7'l 0 6 B fc^tC^BB 
«f SiSfebfe©^ t^7V71 0 6Bfc#fc£ 

[0 13 7] 

ttSgK*tttbHIEm±, fHH-fert'l 2ctO#tt©a?> 
0*tCj:S*MK lttOfi^fBlgS^l 2 A, 12B© 

(c. 7^*»fc:»6bfc*tS. -feVXTV^l 0 6 B& 

088*'' 5 Is! 5 jAtrJf j2[HJBg©$l b ^SD* S «fc 5 Lfc<D 
T% R*aib«#ffi*OS/Nit*^*<^ 5jt#-r 

Be*«H3a*»o^avs?)ebfci6ff*ff 5 c: t^RiHgT 
feSo sfcx s/Njti«i±t<fco, 7^^^®#ta*fii^ 
#sct^TfrS(it^e>s Etofe;M 2^i5»«{b-r 

So 

[0 13 8] 
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/W^t £m*ftlsIS& 1 0 8 B*ffiZ%££lC&-?T. 
h Z/^frmtiL*'!^ < L, h y*;W^y 7® 2 

IeISS«> *if[«HWiNtHV c cfr&iftJttlcAl*Tlt&l 
fC, ttSSm£E^SSfflS*ti§2 3 A (23B), hvisi? 
7**2 2 A (2 2 B) , 8&MIE1ti§^P 1 2 A (12 
B) s jS»«B»Jtffl^-r*-Kl 3 A (1 3B) % 
'W3 3 s m^JPlgSa§§3 4©5gl)«K:4oT^ 

2A (i 2B) Kfew-amrarFfcSiiiteo. 1 v~ 
o. 3 vssfc«<«iit*cfc*«7f**. mm. 

fc«fcte«t«IES*? 1 2 A, 1 2 5 fig^tcfi 6 
nsmfftti*} 08iffltEX&&$t2 3 A, 2 3 BfCfctt 

je«WfcLfe»*lc±!> s/NI*ttl8fc\, CCT-tt, C 

2 a, i 2 Bojft»w«*i»ih"r strain:, «*H-» 

[0 13 9] 

[§gSE0»J] 

MSjSPI - 2 AOnU***? 

fflj£jRP2 ••• h^>^7.£2 2 BOral^*^ 

PJ5££P3 ••• h^^X* 2 2 A©"<-X«6? 

«!l5££P 4 h^V^X* 2 2 BtfX-Xffi? 

IiJ^P5 - h7>"^X^4 1 A©3^«f 

tt£AP6 ••■ h7^^ 4 1 BOnU***? 

M&AP7 •■• h7^W4 1AO^-^«f 

S'MP8 - h7^W4lBO^-X«? 

IS^P9 - h7>^X*4 4 ©3 1x^^4^? 

[0 14 0] 

02 ot±. susap i ~p 4©S!is«ss%^UT(/^o 

HiaB?tt, 18 jK8B1KiR? l 2 AteftttSnSflflTHr:/ 
XtTy hil&2 1 k\,zMft%WW<t, h^Vv>X£2 2A 
<DX=>y*®j^ b^>i^X^2 2 ACDHU^^ 
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j^p i onu^^w w&&? 3<v<-xnffi.*m 

SlJ^U^CfctftofrSo h7Vv ? X^2 2BtC 

XW«i:©BW8fc|Sa«Tfcl>, h7>^X?2 2B<D3 

[0 14 1] 

10 0 2 1 «u «iJS£ P 1 ~ P 9 <DM^^7Ts LT^S 
(02 0Z\&m&<OW3ft$.<O7*'r—)\'i$Wz%>) o «8S 
«E««fflfiJtffl2 3 A, 2 3 B«c8IMlS«»tti#lRL 

X£22A, 2 2B03b??Wt -feW^l 
0 6 B©S»ST*$5 h7V->*X^ 4 1 A, 4 1 BcQ-< 

— xiSB'fcteaMaiitro h9>^x*4 l A, 

4 1 BOrnU^ttiffi. ^-xtficiatf^ftfn© 

UT~-&ffi.LX Y=>yV>7,Z 4 4«03U^^!^?fC^nii 
20 tf„ 

[0 14 2] 

h^f^X^M 1 A, 4 1 BCOU-^WSiUi, 

xwm (aij^P7, P8©«»t) 7b^ttfi^nTt#e.n 

X£ 4 1 A<D=H^*;Jf*Wfc,'«!l£j&P 6©h7>^ 
*4 1 BCDaU9?n.M<oMftt>\ 7c©a*T*fc§-trV 
xe-; hij§2 1 A. 2 1 B©«^MfcJt^TSlJ6T7C# 

X7>/1 0 6 BT'igil-rSCi:T% H^fCTct&tH^ 
[0 14 3] 

fcfc, MJ©ISJft*»S*i, P 7 , P 8 tC*5tt3 h 7 

>^X?4 1 A, 4 1 BcO^s— XWffi&IEIgfC/h^C. 
fc**bfrt>. ®aftSffi£SUBffitaf§2 3 A. 2 3 BftiS 
ftZnm*. h7>-^X^2 2A, 2 2B<03Ui'?i8 

M^tHbisifSiiifev^T, -i:yx7yyi 0 6 Bti^miH 
40 -ttm^l2A, l 2 B©««lg{fcfeagSfc:ia«L"£VS 

[0 14 4] 

^fc. ||SScQ^®i:lRI ; »©^lHlK^cfcl/^T, O^UBttiK 
?12A (1 2B) ©StfitfSO#fC*f-r*tS*aLfi 
# («EE) OSM*» 2ilt)O«^t^tTiS^rc 0 
[0 14 5] 

^•r, &^MI5«*?1 2 A, 12 BCQfgfiiixBfcDjgfa 
50 fit (Ri) , JX&.ffl$<Dl&ffl& (Rh) *V IH1t-fe;H 
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mE<OfcH^ffl%SiJSLfeo Ett-fe;H 2iTi:<D 

#Ett-fe;l/l 2»Cfc«-5MRJt (Rl/Rh) (i2 5% 
[0 14 6] 

in.m<D&in.m RH5:i:o te^OOaiEtttJlH 1 1 2 A (1 

2B) fr&©ma«EttS\ xBJ*Httjsj»oia«t«R 

L*fc-afe*©«5Caa«iR?l 2B (1 2 A) *»6<Offl 
[0 14 7] 

Tfe. aK«RLOffl!l^60Hi*«EE, *3 <fc t>*a*n<I R 
fcjWPi& strife*. ioT, M#<OM^T'fe?.g^ai* 

WBEfc, E1t-fe;H 2crkofi*t«tf5o*teJ:5-r# 

*^TWBbfcJ:5 ic, 3£«SitB8S 1 0 8Bm S 
«Rl, RH*fcS«SlEflt*? 1 2 A. 12Bfc8ft 

[0 14 8] 

OfcKWI) 50 

cojitatwojttw«fcbT, wiii*-«oat«Eit«? 

fc:»U *05B«E«i)S?0«EEBT«:ltt»Wt«:-feyx 
2 3K, JURMd!)«flliSBBI«^r. CORftffiOEES 
S 1 »08BKE«Jlf? (Rl^SSiR 1 . R2tLT0 

swajoittfflir^tia^. *©«!i3©B*a:, i2 2t 
ts«t*-git«B8T?i4, a«EttjR?oa*ite 

[0 14 9] 

(«*EHjR?ra©«tttf&-3*te*frs»») 

*lc» SEi-b;!/ 1 2 TttfcfcLT^saWlEltlR? l 50 
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2 A, 1 2 B<DHt?x MRJt*Hf5,0<i&&{c-Pi,^IB 

x.sctT*#Efi-t;n 2 4>MRJt££*. ^n^no 

[0 15 0] 

02 4t±, Lfc&OT?* 9, «tffl&±M 

Rjt <%) > maummnEv c cr-mmtvrzmtiw. 

Ef^LT^S, IrIBT?^ ajti^aSiffiRH^to 
fc*<0««E«il5? 1 2 A (1 2B) fr&©tttfj*EE 

x ffl#affiig Ri^to fc^oawaaitiST 1 2 b 
(1 2 a) ^e.ow^mBEfii^r^n^nguTo^o $ 

r h> Riztiztivwzicii-rzizmtimmciiz* 

[0 15 1] 

Bisons*** s a, nwo»i8©tt*aiuH»Tftt. a 

Sx«RLfi!l*^©a^«BEfc, fiifiiRHli^OUlA 
ffJITWi*. oSO, 4tEttKr;H 2 cTfctcMRifc^ 

nscfcjVfcj^s. *tt-et, ast«RLffloow^«ffi 

n— ^©tSBFtyciRSoTl^o COi^ MRittfl 
[0 15 2] 

«»e«*? 1 2 a, 12 B%»[ft««-*8tEMu ssfttf 

5o 12 4tc^iiSi?^bfc:^-7-b-y hffiMite. 

^1 06 BTMft^fllt-SPgOBMi&SmEl^l' 

fcs ^«SKBK*f*babfeJifcojaa-xf*«o 

[0 15 3] 

O^itSTHi, -feVXT^yi 0.6 B -^SttSftBSS 1 0 8 
B, 1S&XSV ! 7Z/i?7>9Z 2 A, 2 2Bf0^7f> 

jb\ CtlJUWcfc, CMOS (Complementa 
r y M 0 S ) «So¥5W*iR?T*«-r « C 

So 

[0 15 4] 
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x9-ffB£Lfc^fcfl!l#©*?a^R#aL*fT3 
**'J l *ffiWfS^r 1 

CO 1 5 5] 

CtV&C P P-GMRiftlf^tt. 

[0 15 6] 

-£-f , IB l 1 x #8tttM 2 33 <£ ^fiSST-fe 8 

«w* , »tn*aH***trai««sw6*sR ; ? (cip jo 

(Current flows In the Pla 
ne) -GMR) T*£-?Tfc<fct\, GMMf&tcHLT 
fe, 1 tffcKOttHitt (fg2©RtftfH) *C*fLT*ft<0l2 

[0 1 5 71 

±E*StflO»IBT«, tV^tiv h^2 1 A, 2 
1 B £r-*f©m 1 ©RHtfBlCjtfJSS-S, t^7- F» 40 
3 l *m2<ORm»c^f5?-&f£*V *¥£W<om 1 feJ: 
tfJB2 0RtH»OEHttrr^»4 % H»©jfB»k:|BS*n 

CO 1 5 8] 

C5§B£©$<!)Jf|] 

J-X±t&BJl L ft J: 3 fc. *«IP3©«SI ^ ^ U f*/ W * (c <fc 
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ts coawifto— ^roa«i»i:8Wiffi»c?ao/fc*iS!i*i4 

^[Bj^-r^.t ? KEKSti* i:#fc:Jg 1 fei^ 2 ©# 

Mtio TSfrn*j: 5 tans* nrcwm&B t * 

lcbfc©T% «#5i*OPRte, »RKttJI©f1Ulfc:J:!> 

2O<0«fiBiJ«6*«?«:ffl^T 1 UH&flWBtfett 

c2:W*«2:nWic. flW8©«*J&»^fcR»fflb 

i: te i * £ # 5o 

CO 1 5 9] 

RfflTOK#«l&S*'U c©-*f©RtttmiJSt 

-rn«& Ramsfo±!!»ffl;fo2ft, sn©Rti«&**c 
tc«n*JSW"i?fc<. R*ffib«w>s/Njt^w<. <t 

[0 1 6 0] 

jR*?*«[nfetta«8fE*»«!'Ni:* < * 2 commit 

©€HB«-b;b»cia3^oT, #ffl«Dj&2©Rtti«Wc»R2 

tncti'-er R*aL«#fflrt©s/Njfc*iRi± 

CO 1 6 1] 

^©P^cfe^Ts «fflOjB2©RtH»tcSjRStiT0"> 
* fl&©tB«-fe;i>S fettBttfflafiaWR*f *» 6 Wft*HJ»«t 
LT^fc!?. *6tJ(llORa«fc*T?jlt)t6»fct)'r 

jRWicRfflWjsoan-^Ei »?a**i»it-r* c t »-c 

CO 1 6 2] 

Site. i o©K«-fe^te:fe»s— 
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Rffi«8W«Sft«£T?fc-3T*>R*aibfl»lfJ 
S/NltSrlRLt^* C t tfWtg 
[0 16 3] 

2 -nvmms. 

ifflg bTEB£n* C k TXWaUK^iSiaFV b 

j*nTv><cfc#i»±sn» cnsoiaB^jgiEftMift 

[0 16 43 

;^Wc«s«***y?w*©»&afffifcJ:ntf» 
flmcom i i ©^^t^n^n 

5teER£nsfc#fc^©^te«fcoT*;frns«i:3 

s*ta&**?**ti ± ? ic i ooieis-b^^u. « 
vmvkmzm<m i fc£tfS2©«»jR©j5ra*»[ns 
w^fci^^-r^is^tCctoT, 

tr<fcd{i:bfc<DT\ -»©l»«aSTa6**?»i:*s^T, 
*\ S»l«il**»te«ftS'e*ctfcJ:D2ffl[tIWB*^l* 
»*^IK««SBft*ilH t te43V'»Ttf ton* fcftS»*«t 

«o»*5&»*a • R*a L7?^tc § * c i 

#T*f?S„ aWife*afflUT»*asn/£llBH 

S/NJt*«J:9W^ffi*«^*1»*cfcjyRniBl»35*o- 
[0 16 5] 

J:n«, «®©SS 1 ©Si&Ki:. l 

^-n^n^M-r * «t ? tea s«r«c>sb 2 ©»iA^i:. 
m^ms-^m^mMt)^^ <t ? m*«*nfcwi«: 

ns «fc d *c«/*s n&iftittM t %-&t? a»o«*fi 
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LTE«*nfcmsoiWB*^R*a*n*o rao-r* is 

[0 16 6] 

10 *«^fc««t-5 lOCDfiSM^^'J-r/^Xtcint^ 

*a&oif? 1 osijjatv mtww, 1 ^-n^en 

SS-rsJ:dte3itfSflHR©*2 0»aj»i:s ftgB&W 

Tawfc^ifts^ftr sasawjfir^njfnwr *a 
woBBMassa&asR^teWUT^n^nRUWffijfefltis 

«riffin«Ra«ftoi8ft*«3e"r*«iffi«£«fte*#-r 
-woaaatasaiis? <^ ?»«^^ n. 

^^^m*? ; S:S^^n*-^C>KfcH««^©M«■^cS•^^ / ^T1t 

oat«a*B»«iR?*i«n«Ra*«[^ttfii«^^*n 
-rsRffittSswf 6o*«<— ^iEHF'jtciRfee.nso c 

[02] 01 tc^LfcSa^^ ; &UT f >'WXcoiB'»-lr;l/h 
^■©R»WblHl8S<O#l^*^"r0Tfc*o 
[0 3] 02tc^bfc:R^ab[Hlii§<D^^, -feVXTV 

[0 4] 01 ^bfcfBtSt't;l'^OY73iRilgf6[HlB3P<o 

40 [0 5] H4fc^l,fcY5imMSBHV0ftK®iaftE 

[0 6] 0 5tC^;bfc*{4|gftll2lg§<O^^-t>X7>'7 P 
UlSSxU 7cO/^^-^EH0T*fe-5o 

[0 7] 01 {c^bfclH'ti-tr;l'©M^^ ; &^»fffi 
0T*fe* o 

[08] 0nc^bfcSS5(^ ; E-U'r/W7.©IB1g-b;l'i: 
[09] HTfCwbfciSlt-fe^O^flSlHlK^RtBn?^ 

So 

50 [0 1 0] 0 7 tc^bfca3*-fe;i/fc*JW-*W»3B*o* 
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[01 2] 0 nc^bfcfis^^ux^xtcisttsfa 

[01 3] m2ic^Lrcm^aLm^<Ditnm^mmt 
[014] H2K^bfcte*Wb08te*i*«a»siEi»± 

0T'fc3„ 

[015] H2»c^LfcR*aL08fc:43^SiS»»[|»± 
0T*fc5 = 

[01 6] H2fc^LfcR*fflLHiate*tJ'*iS»»[fW± 
[017] H2lcjKlfeK&ttl,BRtc*tt«iBttR&± 

[01 8] H2tc^L^tR»tHb@BK:4Slt«i£aKffir± 



46 



[01 9] #^©««**y7Wx©£ffi«»c«3 

R*abia»oBi't?a6So 

[020] 01 9te*bftR»a}L@iStefew-«t:y b 
7*3-F«fftay^p i ~p 4om»j^{iii:oia« 

SrjjVr0T?&5 o 

[02 1] 01 9te^LfcR*tfJLS»»cfe^*ti:y h 
fn— FBEfcWJ&RP l ~P 9 ©«»£«£ ©MGS 

%^-r0T-fe«o 

•[02 2] 01 9te3i*L;teR#fflL0»tefc«-««B!Cie 

[023] m2 2ic7fi\,rcnmmictt?zitnmcDWitii 

[024] HI 9te^LfcR*fflLS»KfetJS, 



3&-r«[5aHtl*?IBOfiSUE«l atfJBJE OH«*jS 
•T0T*S^o 

1-JBlOWtl, 2-IH»ttB (hV*M'J7 
H) „ 3 •••fg2©8S14B. 4-*Wtt»« 5-Wtt 

au 7-WMi, 8-mmm, 9-xk**5/*;i/b» 

1 O-S&L l l-ttHHr>"»yfflWBU 1 2-E* 
•fe;K 12 A, 1 2B-B*BE«*y, 13 A, 13B 

70 -5S»Si[|»ihffl^^--F, 2 0-e -v hfn-KI, 2 
1 A, 2 1 B---t>Xffle-v F5*3— F» (•feVXtf'V 
htt) , 22A, 2 2B-h7^W« 23A, 23 
B-WWira»UM£Stlfc 3 0-7-KT3-F8, 
3 I»»fcyx«!7-Kf*3-F» (*VX7-KS) , 
3 2 - -jt^*— F> 3 3-h9^Xjr, 3 4-BBM 
PifiirLSi, 4 OA. 4 0 B--fe>'X7^7 P A*^ 4 1 
A, 4 1B-b7^X?, 4 2 A, 4 2B - /W7X 
g*t§§, 4 3-^t-b\ 4 4-h7^X^ 4 5 
-ffifSS, 5 1 A, 5 1 B-tyX7y7'EHm 6 3 

20 A, 6 3B-aBW»lhfflh9>^X^ 7 3 A, 73B 
•••i$»iJft&$ltfflMO S F E T\ 8 0 F7j|5rtM&RfcH 
@B> 10 1-7KWy77, i0 2-f-^7 
77, 1 02A-Wl/^77, 1 02B-(ftt/^7 
7\ l o 3-fWWn$>y*8&. l o 4-ae«-b;V»f, l 
0 5, 1 0 7 -7 Fl^HSU 1 0 6-Yftfymhmt& 
«&. 1 0 6 A--Y73[fil7FU'X-r3-2\ 106B-t 
VX7>7, 1 0 6 C -Y73(Sl*U>b F^T", 10 
8-Xj5fam.m®$&B, 1 0 8 k-XXW KU7sf3 
— £\ 1 0 8 B-^«iKl38. 1 0 8 C-XSfi*l/> 

30 hH7^7, 1 0 110, 

&»ffl-r-*;SX, l l 2-I»HJLlf-^;U, l 

D0~D 7-*t.«f*-#*?, Xn- (IB*-t;H 
2(D) 7-F8L Yn- 001**120) tf-y h^U 
DUn-mttlB»lBl8S, 



[07] 



[09] 



[014] 
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[02 3] 
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